American Journal of 
Veterinary Research 


CONTENTS 


The Anatomy of the Integument of the Ovine Foot 
H. M. Deane, R. ¥. Davis, G. P. Epling, and R. Jensen 


The Pathology of Contagious Foot Rot in Sheep 
H. M. Deane and R. Jensen 


Sheep Pox and Its Control in Egypt Using a Desiccated Live Virus Vaccine. 
M. S. Sabban 


The Effect of Vibriosis upon Subsequent Reproduction in Range Ewes 
E. L. Wiggins 


The Pathogenesis of Telangiectasis in the Bovine Liver. IJ. Histopathological 
and Microbiological Studies 


A. C. Andersen 


The Pathogenesis of Telangicctasis in the Bovine Liver. III. Experimental 
Telangiectasis 
A, C. Andersen 


The Pathogenesis of Telangiectasis in the Bovine Liver. IV. Discussion and 
Summary 


A, C. Andersen 


Vibrio Fetus Infection in —_ LA tive — of the Agglutinin 
Response in Cervicovaginal M Folge to Homologous 
Antigens Following Abortion 

M. Ristie, D. A. Sanders, and M. E. Tyler 


In Vitro Studies on the Action of Streptomycin upon Five arenes of 
Leptospira Grown in Two Types of Medium 


v. G. Hoag and W. B. Bell 


Mammary Gland Studies. I. The Identity and Characterization of the Smallest 
Lobule Unit in the Udder of the Dairy Cow 


A. F. Weber, R. L. Kitchell, and J. H. Sautter 


(Continued on page 195) 


ublication of the American Veterinary Medical Association 


Volume XVI APRIL, 1955 


| 
t 
b4 
P 
+ 
4 
; 
; 
AP 
No. 59 


Sensitivity Testing 
of 
TUBERCLE BACILLI 


BACTO-SENSITIVITY DISKS 


SENSITIVITIES to the commonly employed therapeutic agents are accuratey and 
readily determined using Bacto-Sensitivity Disks containing three concentrations 
of Dihydrostreptomycin, Streptomycin, Viomycin, PAS (p-Amino Salicylic Acid) 
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Medium Enrichment (Peizer and Sehecter: Am. J. Clin. Path., 20:682:1950). 
This is a selective medium suitable for primary culture and simultaneous 
sensitivity determinations of tubercle bacilli from concentrated specimen. 


BACTO-SENSITIVITY TEST MEDIA 


bacto-ATS Medium and Bacto-Lewenstein Medium are available in serew cappea 
tubes with added chemotherapeutic agents. The ATS Medium is prepared 
according to the formula specified by the American Trudeau Society; the 
Lowenstein Medium according to the Jensen modification. These media are 
processed under carefully controlled conditions to give rapid optimal growth 
of the tuberele bacilli. 


Bacto-ATS Sensitivity Media and Bacto-Lowenstein Sensitivity Media are 
supplied in sets of 12 tubes consisting of 2 tubes of control medium without 
therapeutic agent and one tube each of the following: 


Streptomycin 10 meg./ml. INH 5 meg./ml. 

Streptomycin 100 meg./ml. Streptomycin 10 meg. and PAS 100 meg./ml. 
Viomycin 10 meg./ml. Streptomycin 100 meg. and PAS 100 meg./ml. 
Viomycin 100 meg./ml. Streptomycin 10 meg. and INH 1 meg./ml. 
INH 1 meg./ml. Streptomycin 100 meg. and INH 5 meg./ml. 


The above media are also supplied in packages of 12 tubes of any one medium. 
In addition, for more detailed determinations, ATS Sensitivity Media and 
Lowenstein Sensitivity Media containing Streptomycin 250 meg., Viomycin 
250 meg., and INH 0.2 meg. are available in packages of 12 tubes. 

These media are supplied in ineubator packages which permit preferred 


horizontal incubation. 


Bulletin No. 141 describing Sensitivity Testing 
of Tubercle Bacilli is available upon request. 
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The Anatomy of the Integument of the Ovine Foot 


HAROLD M. DEANE, D.V.M., M.S.; R. W. DAVIS, D.V.M., M.S.; 
G. P. EPLING, D.V.M., M.S.; RUE JENSEN, D.V.M., Ph.D. 


Fort Collins, Colorado 


DescRIPTIONS OF THE anatomy and histol- 
ogy of the integument, or claw, of the 
ovine foot have been brief, chiefly on a 
comparative basis, and inadequate. 
LITERATURE REVIEWED 

Chauveau' deseribed the horny envelope enclos- 
ing the extremity of the digits of the ox and sheep 
as a kind of copula, having a form much like the 
third phalanx, and he referred to it as the elaw. 

Vaughn ‘ deseribed the equine foot in detail and 
compared the hoof of ruminants by the following 
statement: 

The hoof is, of course, divided into two parts, 
one for each digit, part resembling in 
shape the distal phalanx. Their general strue- 
ture resembles that of the horse’s hoof, but the 
frog is little developed. 


each 


Sisson and Grossman‘ deseribed the hoof of 
the ox, in their deseription of the common 
integument of the sheep they stated, ‘‘ The hoofs 
resemble those of the ox.’ 


Peterson * referred to the earlier work of Sisson 


and 


and Grossman. 

Terminology describing the regional 
the ovine hoof were lacking in the literature re 
viewed. The two hoofs of the foot 
to as the medial and lateral digits with their re 
The surface 


areas of 
were referred 


spective medial and lateral surfaces. 
in eontaect with the ground was usually referred 
to as the sole and the most posterior portion, the 
bulb or heel. The use of these terms varied among 
the few authors who made any reference to ana- 
tomical areas of the foot. 

Habel * deseribed the gross anatomy of the claw 
of the ox and established terminology to present 
He stated: 

In order to eliminate as much as possible the 
confusion arising from reference to the medial 
and lateral surfaces of the medial and lateral 
digits, the digits will be called the third and 
fourth, and their surfaces, axial and abaxial... . 


structures and areas. 


From the School of Veterinary Medicine, Colorado 


4. & M. College, Fort Collins. 


The term ‘‘ground surface’’ rather than 
‘sole’’ is used advisedly. The true sole in the 
ox has been shown by comparative studies to be 
reduced to a small zone around the margin of 
the ground surface next to the wall. It is widest 
at the toe. 
Trautman and 


Fiebiger” stated: 


The claws of the sheep and goat resemble 
those of the ox except that the thin, dense, elas- 
tie wall horn extends beyond the sole and both 
margins turn under. It is often fissured. Most 
of the ground surface is formed by the horny 
bulb, but the true sole is more apparent in these 
species than it is in the ox. The papillae of the 
sole corium are arranged in and fused 
basally. 


rows 


Trautman and Fiebiger,’ in deseribing the his 
tology of the skin of domestic animals, followed 
the general pattern used in the literature of hu 
man histology, dividing it into two primary layers, 
the epidermis and the corium or dermis. The 
epidermis was divided by them into two layers: 
the deep, stratum germinativum or Malpighi, and 
the superficial horny These further 
subdivided, the deep layer inte two and the super 
ficial into three secondary 


layer. were 


layers, 
Gross ANATOMY 


To present clearly the gross anatomical descrip 
tion of the integument of the ovine foot, the fo! 


Fig. 1—Axial surface and interdigital integu- 
ment of the ovine foot. 

(a) toe; (b) toe line; (c) bulb; (d) axial bulbar notch; 
(e) anterior, thick horn wall. 
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Fig. 2—Ground surface (trimmed) of the ovine 
foot. The speckled area is in the bulbar horn 


where it joins the true sole. 
(a) sole; (b) white line; (c) bulbar area 


lowing terminology has been selected. The term 
‘*foot’’ is applied to the distal part of the limb 
which ineludes the horn capsule with the structures 
enclosed within it and the interdigital skin. The 
‘*integument of the foot’’ is the modified skin of 
this region, consisting of an insensitive epidermis 
or horn and a sensitive dermis or corium. The 
‘*axis’’ divides the foot into equal medial and 
lateral parts. The ‘‘third digit’’ is the medial 
digit, and the ‘‘fourth digit’’ is the lateral digit 
of any of the four feet. The ‘‘axial surface’’ of 
a digit is the wall surface that lies nearest to the 
axis of the foot (fig. 1). The ‘‘abaxial surface’’ 
is the wall surface farthest from the axis of the 
foot. The ‘‘ ground surface’’ is the surface of the 
foot that lies between the axial and abaxial sur- 
faces and faces the ground when the animal is in 
a standing position (fig. 2). The ‘‘toe’’ is the 
small area at the junction of the axial and abaxial 
surfaces with the ground surface (fig. 1). The 
‘*toe line’’ is the line formed by the sharp june- 
tion of the axial and abaxial surfaces anteriorly 


Fig. 3—Sensitive structures of the axial sur- 
face of the ovine foot. 


lamellar 
notch 


(a) perioplic corium; (b) coronury band; (c) 
corium: (d) bulbar corium: (e) axial bulbar 


Fig. 4—Sensitive structures of the abaxial sur- 
face of the ovine foot. 

(a) perioplic corium; (b) coronary corium; (c) lamellar 
corium; (d) bulbar corium 


and extends from the periople proximally to the 
toe distally. The ‘‘bulb’’ is the posterior continu- 
ation of the ground surface that lies between the 
posterior limits of the axial and abaxial surfaces 
and the hairy skin above, forming the convex pos- 
terior surface of the hoof (fig. 1 The ‘‘ axial 
bulbar notch’’ is the depression in the posterior 
half of the proximal edge of the axial wall 
through which the transverse ligament of the dig 
its passes (fig. 1). 

The insensitive epidermis or horn of 
the abaxial surface is hard and strong 
throughout but thickest at the toe and 
along the bearing surface of the wall. The 
insensitive horn of the anterior portion of 
the axial wall overlying the lamellar area 
of that surface is hard and thick. The 
axial wall posterior to this thick portion 
thins abruptly, is softer and joins the soft 


Fig. 5—Sensitive structures of the ground sur- 
face of the ovine foot. 

(a) bulbar corium; (b) bulbar corium of the 
face: (c) true sole ) m 


ground sur- 
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Fig. 6— Section of the 
integument of the 
ground surface of the 
ovine foot. Hematoxy- 
lin-eosin. x 37. 


(a) papillary layer; (b) 
Stratum spinosum; (c) 
Stratum granulosum; (d) 
stratum lucidum; (3)_ section 
of papilla; (f) stratum cor- 
neum; (g) reticular layer; 
(h) stratum cylindricum. 


pliable horn of the bulb which covers the 
posterior surface. A hard ridge of horn is 
located anterior to this junction (fig. 1). 
The axial bulbar notch is a depression on 
the proximal border of this surface just 
posterior to its mid-point (fig. 1). The 
horn of the bulb and sole is thin and some- 
what resilient. The extensive bulbar area, 
the narrow v-shaped true sole area, and 
the white line are discernible when this 
horny surface is closely trimmed (fig. 2). 

The interior of the insensitive hoof is 
the exact counterpart of the sensitive 
areas. 

The sensitive structures of the integu- 
ment of the normal foot consist of both 
papillary and laminar parts. The periop- 
lie corium is a narrow band of long papil- 
lae at the junction of the dermis of the 
hairy skin above and the sensitive struc- 
tures of the hoof below (fig. 3, 4). Con- 
tinuous with the perioplic corium distally 
is the coronary corium which appears as a 
wide flat band of short papillae. This band 
extends about one third of the distance dis- 
tally along the toe line and maintains this 
width along the abaxial surface until it 
blends with the somewhat longer papillae 
of the bulbar corium in the posterior 
fourth of this surface (fig. 4). Along the 
axial surface, the coronary corium becomes 
narrower posteriorly and blends with the 
longer papillae of the bulbar corium about 
midway on this surface and just anterior 
to the axial bulbar notch (fig. 3). 


The lamellar corium begins at the distal 
edge of the coronary corium and extends 


to the ground surface. The lamellae are 
short at their junction with the coronary 
corium but become progressively longer, 
distally. They cover the anterior three 


fourths of the abaxial surface distal to the 
coronary corium and abut the bulbar co- 
rium in the posterior quarter of this sur- 
face (fig. 


4). The lamellar area of the 


Fig. 7—Section of interdigital integument over 
transverse ligament in ovine foot. Hematoxy- 
lin-eosin. x 26. 


(a) stratum cylindricum; (b) stratum spinosum; (c) 
stratum granulosum; (d) stratum corneum 
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ovine foot. Hematoxylin-eosin. x 37. 
(a) papilla; (b) stratum spinosum; (c) hair follicle; (d) stratum corneum 


Fig. 9—Section of integument of the ovine foot showing junction of skin, perioplic and 
coronary areas. Hematoxylin-eosin. x 37. 


(a) interdigital integument; (b) perioplic papilla; (¢) co.onary pap 


Fig. 10—Section of integument of ovine foot showing bulbar area of axial wall. Hema- 
toxylin-eosin. x 37. 
(a) stratum spinosum; (b) stratum granulosum; (c) papilla; (d) stratum lucidum 


Fig. 11—Section of integument of ovine foot showing lamellar area. Hematoxylin-eosin. 
x 37. 


(a) sensitive lamella; (b) insensitive lamella; (c) stratum granulosum; (d) stratum lucidum 
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axial surface extends posteriorly from the 
toe line along the junction with the coro- 
nary corium to about the mid-point of this 
surface where it abuts the bulbar corium. 
From this point, the posterior edge of the 
lamellar area extends in an anterodistal 
direction to meet the ground surface near 
its anterior third. The lamellae along and 
adjacent to this posterior edge are long 
and thick (fig. 3). The bulbar area is con- 
tinuous with the perioplic area proximally 
and ineludes all the bulb, the axial and 
abaxial surfaces posterior to the lamellar 
area, and all of the ground surface except 
the true sole. The papillae of the true sole 
corium are long and form a narrow band 
between the lamellar corium and the bul- 
bar corium of the ground surface (fig. 5). 


HisToLoGy 


The integument of the foot presents his- 
tological variations associated with fune- 
tion. Seven functional layers are found in 
the structure of the hoof (fig. 6) but their 
composition is not constant in all areas. 
The five layers of the epidermis are: (a) 
the stratum cylindricum, a single layer of 
columnar cells applied to the basement 
membrane ;(b) the stratum spinosum, com- 
posed of a variable number of cell layers 
in which intercellular bridges may be ob- 


Fig. 12—Section 


ANATOMY OF THE INTEGUMENT OF THE OVINE Foor 


of ovine foot showing junction of coronary and lamellar areas. 
toxylin-eosin. 
(a) coronary band area; (b) lamellar area; (c) intermediate papilla; 


served; (c) the stratum granulosum, also 
composed of a variable number of cell lay- 
ers in which basophilic granules of kerato- 
hyalin are evident; (d) the stratum lu- 
cidum, a translucent mass; (¢) and the 
stratum corneum, composed of the kerati- 
nized protective layers of cells of the outer 
surface. The two layers of the dermis are: 
the papillary layer, which forms the der- 
mal papillae and lamellae; and the retic- 
ular layer, which forms the deeper non- 
papillated area. 
Epidermis.—Insensitive Hoof.—The 
stratum cylindricum, being a single layer 
of more or less cylindrical cells which cover 
the surface of the corium (fig. 14), re- 
mains quite constant throughout. The 
stratum spinosum is thin at the perioplic 
region, thicker in the coronary area, mea- 
ger at the lamellar region, and thickest on 
the bulb and sole. The stratum granulosum 
is composed of two or three cell layers in 
the perioplic and the coronary regions, is 
rudimentary and incomplete in the lamel- 
lar region but is 5 to 12 cells thick in the 
region of the bulb and sole where many 
basophilic granules are found in the cells. 
The stratum lucidum is not well defined in 
the perioplic and coronary regions, is 
thickest in the lamellar region where it 
contains horn tubules, and is thin on the 


Hema- 


x 26. 
(d) artifact 


Fig. 13—Section of ovine foot showing junction of lamellar, sole and bulbar areas. 


Nocht’s stain. 
papilla of ground surface; (d) 


(a) lamella; (b) long papilla of sole; (c) 


x 26. 


stratum lucidum (stratum 


corneum removed) 


= 
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bulb, sole and on the interdigital skin (fig. 
7). The stratum corneum is compact and 
hard in the perioplic and coronary areas, 
very thick in the lamellar region where, 
like the lucidum, it becomes thickest dis- 
tally and contains horn tubules but is thin 
on the bulb and sole and thinnest on the 
interdigital skin. 

Dermis.—Sensitive Hoof, Corium.—In 
general the connective tissue of the hoof is 
formed in two layers, the papillary and the 
reticular (fig. 6). In the lamellar region, 
the papillary layer is modified to form the 
lamellae. 

The papillae of the interdigital skin are 
relatively short, whereas they zre long and 
slender in the perioplic corium, moderately 
short and thick in the coronary corium, 
short over the ground surface of the bulb 
but long and slender on its axial and 
abaxial surfaces and long on the sole (fig. 
6 and 10). 

The dermal lamellae are simple and of 
uniform thickness from their base to the 


Fig. 14—Section of in- 

tegument of the ovine 

foot showing detail of 

papilla and germina- 

tive layer. Hematoxy- 
lin-eosin. x 400. 

(a) stratum cylindricum; 


(b) stratum spinosum; (c) 
mitotic cell; papilla 


free edge which is rounded (fig. 11). They 
are highest at the posterior axial border. 
The lamellae gradually merge with papil- 
lae at the coronary border and at the junc- 
tion of the lamellar, bulbar, and sole areas 
(fig. TZ and 13). 

The interdigital skin possesses hairs and 
skin glands of both sudoriferous and seba- 
ceous types (fig. 8 and 9). 
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The Pathology of Contagious Foot Rot in Sheep 


H. M. DEANE, D.V.M., M.S., and RUE JENSEN, D.V.M., Ph.D. 
Fort Collins, Colorado 


Foot rot of sheep is a contagious disease 
which is characterized by lameness and 
separation of the hoof from the foot. This 
disease has been recognized for more than 
250 years in all countries where sheep have 
been produced commercially. re- 
search has been directed toward cause and 
treatment of the disease. 

The objectives of this study were to de- 
termine: (1) gross pathology and (2) his- 
topathology of the integument of the foot 
in foot rot of sheep. A preliminary study 
of the anatomy of the integument of the 
foot has been reported separately.“ 


REVIEW OF LITERATURE 


Mohler and Washburn” collected all available 
information on diseases of the feet of sheep. They 
reserved the term ‘‘foot rot’’ for the contagious, 
chronic inflammation which was followed by lame- 
ness, ulceration, and separation of the hoof. These 
authors presented a detailed description of the 
disease and included lesions of the internal strue- 
tures of the foot. 

Moore“ included, under the term ‘‘ foot rot,’’ 
inflammations of the skin of the limb and of the 
foot. Cameron * attributed the onset of the disease 
to wound infection. 

In 1892 Brown,’ after conducting experiments 
to determine the transmissibility of the disease, 
found that healthy animals placed on moist soils 
with abundant wet herbage did not develop the 
disease even though left in such an environment 
for long periods. However, when infected animals 
were placed with the healthy ones, the disease 
spread through the flock. He concluded that foot 
rot was contagious and that a wet environment 
was not the primary cause. 

In 1939 Gregory,’ like Brown, stated that in the 
absence of a specific infective organism, foot rot 
did not develop in healthy sheep even though they 
were subjected to predisposing environmental con- 
ditions most favorable to the onset of the disease. 

Beveridge concluded that the disease does have 
a seasonal incidence, occurring in spring and au- 
tumn when feed is lush. 

Mohler and Washburn” coneluded that the dis- 
ease is contagious and is caused by Bacillus ne- 
crophorus. Marsh and Tunnicliff™ and Howarth * 
concurred in this conclusion. 


From the School of Veterinary Medicine, Colorado 
A. & M. College, Fort Coiiins. A portion of these data 
was submitted by Lt. Colonel Deane, V.C., to the Gradu 
ate School as partial fulfillment of the requirements for 
the degree of Master of Science, 
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Marsh“ described the gross appearance of le- 
sions. According to him, the initial lesion began 
as an area of hyperemia on the medial part of the 
digit and developed into necrosis. The necrotic 
process spread to the heel, sole, and wall and un- 
dermined the corneum. 

Blaizot and Blaiz_t‘* found a spirvchete, Trepo- 
nema podovis (n.sp.), as a common inhabitant of 
the diseased foot and believed that it was the 
primary causative agent of foot rot. Howarth * 
suggested the pathogenic influence of spirochetes 
in this disease. Beveridge * described a spirochete, 
Spirochaeta penortha (n.sp.), which he isolated 
from infected feet and which, he thought, might 
have etiological significance. Later, Beveridge * 
concluded that Fusiformis nodosus (n.sp.) was the 
primary eause. He also studied the histopathology 
of foot rot in sheep and presented two photo- 
micrographs of lesions. He indicated that in the 
area between the keratinized layer and the rete 
pegs, epithelial cells degenerated, cavities formed 
between cells, and inflammation developed. These 
ehanges resulted in separation of the hoof from 
the remaining part of the foot. Persistance of 
deep layers of epithelium in viable condition en- 
abled rapid healing. 

Mohler and Washburn” reported that all breeds, 
ages, and sexes of sheep are equally susceptible. 


MATERIALS AND METHODS 


Feet affected with foot rot were obtained from 
lambs in a feedlot at Weldona, Colo., and from 
slaughterhouses at Denver, Colo. 

Flock at Weldona.—From this flock 40 feet, 
which contained lesions of all stages of develop- 
ment, were obtained during the acute phase of the 
disease for detailed study of gross pathology and 
histopathology. Toward the terminal phase of the 
disease, 294 animals were slaughtered. From these, 
569 diseased feet were studied for gross pathology 
only. 

The flock presented the following history: On 
Sept. 30, 1952, 946 healthy lambs were purchased 
from northeastern Colorado. The animals were 
predominantly Hampshire crossbred wethers and 
ewes, approximately 7 months of age. They were 
grazed on a field of beet tops, alfalfa stubble, and 
grain stubble until Nov. 15, 1952, when the first 
cases of lameness were noticed. The disease spread 
rapidly. On November 30, the lame lambs were 
separated from the healthy animals but the dis- 
ease continued to spread among the healthy sheep 
until approximately 80 per cent of the flock was 
affected in one or more feet; many in all four feet. 
Lambs had been fattened on the same farm in 
previous seasons without evidence of lameness. 
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Transmissibility of the disease was demon- 
strated by passing the causative agent successively 
through three series of sheep. The original inocu- 
tissue and exudate from dis- 
The inoculum was applied 


lum was necrotic 


eased feet of 4 sheep. 


Fig. 1—Axial surface of lateral digit of ovine 

foot in early stage of foot rot. Infection began 

at the axial bulbar notch and has begun to ur- 
dermine the corneum of the bulb. x 1.0. 


to the surface of searified interdigital integument 
of experimental sheep which were maintained in 
isolation. Following development of lesions in 
the experimental animals, inoculum was obtained 


Fig. 2—Ground surface of an ovine foot in ad- 

vanced stage of foot rot. Part of the loosened 

corneum has been removed. Necrotic tissue 

and exudate are exposed in the granular and 
spinose strata. x 1.4. 


Fig. 3—Ground surface of an ovine foot in ad- 
vanced stage of foot rot. Most of loosened 
corneum has been removed. Exudate and ne- 
crotic tissue are exposed. The undermining 
extends into the walis (arrows). x 1.4. 


for the next experimental animal until three sue 
cessive transfers were obtained. 

Feet From 
sheep submitted feet 
were obtained for detailed study by visual exami- 
The study included only those feet which 


Diseased from Slaughterhouses. 


for slaughter, 72 affeeted 


nation. 
contained lesions in the integument. Transmission 
of the disease from these feet was not attempted. 

feet 
or in advanced stage on the basis of development 
Criteria for the stage 
serous exudate on the interdigital in- 
tegument; erosion of the integument; and separa- 
tion of the layers of the posterior axial wall at 


were classified as in early stage 


of lesions. early were: 


posterior 


the axial bulbar notch and adjacent bulbar area. 


Criteria for the advaneed stage were: erosion and 
thickening of the interdigital integument with sep- 
axial wall, bulb, 


aration of the corneum of the 


and bulbar area of the ground surface; separa 
tion of the corneum of a portion of the abaxial 
walls; and necrosis along the planes of separation. 


Feet.—The foot 
clipped, and the lesions were located anatomically. 
Each foot was cut into four frontal seetions ap 
The sections were 


Processing of the was cleaned, 


proximately 1 em. in thickness. 
designated in sequence from the heel toward the 
toe as first, second, third, and fourth frontal see- 
tious. By gross examination, the and 
extent of lesions in the frontal were de- 
termined. The frontal sections were fixed in 4 per 
cent formaldehyde. were prepared 


eharacter 
sections 


Histoseetions 
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PaTHoLoay oF Contaaious Foot-Rot in SHEEP 


of the lesions from each diseased foot. Sections 
were stained with hematoxylin and eosin, Nocht’s 


stain, and Levaditi’s stain. 
RESULTS 


The 112 affected feet presented all stages 
and lesions in development of the disease. 
Table 1 shows the distribution of lesions 


TABLE 1—Occurrence of Lesions in Diseased 
Feet and Their Digits 


Third Fourth 
Total digit digit Both 
Foot feet only only digits 
Right front 26 ( 1 25 
Left front 24 ( 0 24 
Right hind 31 0 1 30 
Left hind 31 0 1 30 


in the total sample. The Chi square test of 

significance for distribution of lesions to 

the feet showed no difference (P>.05). 
Table 2 shows the distribution of lesions 


TABLE 2—The Distribution of Lesions in 
Frontal Sections of Feet 


Frontal Number 

Stage sections of feet 
Early ist only 
Ist, 2nd 26 
Ist, 2nd, 3rd 0 
Ist, 2nd, 3rd, 4th 0 
Advanced lst only 2 
Ist, 2nd 3 
ist, 2nd, 3rd 18 
Ist, 2nd, 3rd, 4th 54 


in the frontal sections of feet in early and 
advanced stages of the disease. 


Fig. 6—Third frontal section of an ovine foot 

in advanced stage of foot rot. The corneum of 

the axial wall, ground surface, and distal abax- 
ial wall is separated from the digits. x 1.2. 


Table 3 presents the anatomical location 
of lesions within the feet. 

Gross Pathology.—tThe initial lesion, lo- 
cated in the interdigital integument adja- 
cent to the axial bulbar notch, was moist, 
slightly edematous and pale. In advanced 
cases, necrosis had progressively under- 


Fig. 4—Second frontal section of an ovine foot in early stage of foot rot. Interdigital 
skin is swollen; superficial layers are necrosed. x 1.0. 
Fig. 5—Second frontal section of an ovine foot in beginning advanced stage of foot rot. 
Interdigital skin is swollen and superficial layers have desquamated. The corneum of 
the ground surface is being undermined bilaterally. x 1.0. 
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Fig. 7—Axial part of the bulb of an ovine foot 
affected with foot rot at the point of advancing 
separation of the corneum. Cells of the granu- 
lar and spinose layers show liquefactive degen- 


eration and necrosis; the corneum is on the 
right. Hematoxylin and eosin. x 50. 


mined the corneum of the periople of the 
bulb, the bulbar area of the axial surface 
and the bulb proper, axial wall, sole, and 
the distal part of the lamellar part of the 
abaxial wall. The corneum remained at- 
tached along the proximal part of the 
abaxial wall. 

Over affected areas, the corneum was 
loosened and detachable. Necrotic tissue 
beneath the undermined corneum was soft, 
moist, friable, and malodorous. Some vi- 
able but swollen epithelium remained deep 
to the necrosis. All pathological changes 
were limited to the integument. Figures 1 
to 6 show gross pathology. 

Histopathology.—In early lesions, tissue 
changes included: swelling, cytoplasmic 


TABLE 3—The Incidence of Lesions in Ana- 
tomical Areas 


Number of 
feet 


Anatomical 
area 


Interdigital skin only 3 
Interdigital skin, axial wall 27 
Interdigital skin, axial wall, 

ground surface 
Interdigital skin, axial wall, 

ground surface, abaxial wall 
Interdigital skin only 
Interdigital skin, axial wall 
Interdigital skin, axial wall, 

ground surface 
Interdigital skin, axial wall, 

ground surface, abaxial wall 


Advanced 


vacuolization, and necrosis of epithelial 
cells of the stratum granulosum and super- 
ficial layers of the stratum spinosum. Cyto- 
plasmic vacuoles of adjacent cells had 
coalesced to form larger cavities which be- 
came infiltrated with leukocytes. Nuelei of 
affected cells showed pyknosis and chroma- 
tolysis. Papillae of the corium were edem- 
atous and infiltrated with leukocytes. 


Fig. 8—Axial part of the bulb of an ovine foot 

affected with foot rot at the point of advancing 

separation of the corneum. Cells of the granu- 

lar and spinose strata have partially liquefied 

to form cavities which are filled with leuko- 

cytes. The corneum is at the right. Hematoxy- 
lin and eosin. x 30. 
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PaTHOLOGY oF Contagious Foot-Rot In SHEEP 


Cellular changes of advanced lesions 
were similar to changes in early lesions. 
Liquefactive degeneration and necrosis oc- 
curred in epithelial cells of the strata gran- 
ulosum and spinosum. Many cells necrosed 
without becoming vacuolated. The cyto- 
plasm of such cells was granular. These 
changes occurred in cells at the edge of the 
advancing point of separation of the hoof 
from the foot and in superficial cells of 
persisting layers of stratum spinosum. Ne- 
crosis in strata graulosum and spinosum 
resulted in detachment of the corneum or 
hoof. 

Papillae were edematous. Leukocytes, 
especially polymorphonuclear neutrophils, 
infiltrated the papillae and stratum spino- 
sum. Figures 7 to 10 present the histo- 
pathology. 

Microorganisms.—Neither bacteria nor 
spirochetes were observed at the point 
where the lesion was advancing into 
healthy tissue. Mixtures of cocci, rods, and 


Fig. 9—Epithelium of spinose layer of axial 
wall of an ovine foot in early stage of foot rot. 
Many cells have liquefied. Leukocytes have in- 


filtrated some cavities (arrow). Hematoxylin- 


eosin stain. x 585. 


¢ 
Fig. 10—Spinose layer of epithelium deep to 
the point of separation of corneum in an ovine 
foot affected with foot rot. Many cells have 
undergone liquefactive necrosis. Leukocytes 
have infiltrated the cavities. Hematoxylin and 
eosin. x 666. 


filaments were located on the surface of 
the area of separation. Spirochetes were 
not identified in any of the diseased feet. 


DIscUSssION 


As indicated by other investigators, the 
lesions of true foot rot in sheep are limited 
to the integument. Uncommonly, if ever, 
arthritis of the coffin joints develops as a 
complication. 

The course of the infection in the foot 
appears to be as follows: The primary le- 
sion originates in the interdigital skin over 
the transverse ligament adjacent to the 
axial bulbar notch. The infection spreads 
from point of origin in sequence through 
the granular and superficial spinose strata 
of the epidermis of the posterior axial 
wall, bulb, ground surface, and distal 
abaxial wall. 

Epithelial cells, along the course of ad- 
vancement of the infection, undergo swell- 


207 
4 
i 
on 4 
$ 


H. M. DEANE 


ing, hydropic degeneration, and necrosis 
which result in separation of the corneum 
from the foot. As infiammation develops, 
leukocytes infiltrate the papillary layer of 
the derma and the remaining epidermis. 

The lesions of foot rot in sheep are un- 
like the lesions of foot rot in eattle. 

SUMMARY 

1) The lesions of 112 feet affected with 
foot rot were studied for gross pathology 
and histopathology. An additional 569 
feet were studied for gross pathology 
only. Transmissibility of the disease was 
established. 

2) All feet 
susceptible. 

3) The infection originated in the epi- 
dermis of the interdigital skin adjacent to 
the axial bulbar notch. From this area the 
infection spread, in sequence, through the 
granular and superficial spinose strata of 
the epidermis of the posterior axial wall, 
bulb, ground surface from behind forward, 
and distal abaxial wall. 

4) Along the course of advancement of 
the infection, epithelial cells of the granu- 
lar and superficial spinose strata under- 
went swelling, hydropic degeneration, and 
necrosis which resulted in separation of 
the corneum from the foot. 

5) No single type of microorganism was 
found consistently in all feet. 


and digits were equally 


AND R. JENSEN 
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Sheep Pox and Its Control in Egypt Using a Desiccated 
Live Virus Vaccine 


M. S. SABBAN, D.V.M., M.V.Sc., Ph.D. 


Cairo, Egypt 


In THE Middle East, sheep pox is of great 
economic importance because of the mor- 
tality and the loss of wool for which the 
disease is responsible. In some _ places, 
sheep and goats are the main animals upon 
which the Bedouin depends for his supply 
of milk, wool, and meat. Consequently, the 
production of a reliable vaccine against the 
disease is important. 

Hutyra and Marek* reported that the use of a 
fully virulent sheep pox virus for controlling the 
disease appeared to be of ancient origin but was 
not extensively used in Europe until Challotte, 
1763, Bourgelat, 1765, and others, had studied the 
method scientifically and recommended it as a suit- 
able prophylactic method. Borrel* made a good 
study on sheep pox and other animal pox diseases. 
He described his techniques for large seale produc- 
tion of lymph to be used as a vaccine against the 
disease. Ducloux and Cordier* tried the attenua- 
tion of sheep pox virus by admixture with formic 
aldehyde or ethanol. Boto* prepared an aluminum 
hydroxide adsorbed sheep pox vaccine and reported 
that this vaecine had good keeping qualities and 
did not give severe reaction. Bennett, Horgan, and 
Mansur,° in their study in sheep pox in the Sudan, 
reported that claims had been made by Kii and 
Kasai, 1927, and by Gins and Kurnet, 1937, that 
cowpox or vaccinia virus ean protect against sheep 
pox and so calf lymph could be used as a vaccine 
against sheep pox. These authors studied the two 
viruses and demonstrated that sheep previously 
infected with vaccinia virus were not immune. Do- 
natien, Lestoguard, Plantureux, and Gayot® in 
Algeria reported that sheep pox was well spread 
among sheep there, and that the disease was con- 
trolled by the use of a virus and serum mixture of 
sensitized vaccine which had been originally pre- 
pared by Bridré and Boquet in the Pasteur Insti- 
tute of Algeria in 1912. Bacharan* prepared a 
desiceated vaccine from the sensitized virus. Delpy 
and Rafyi*® used an indigenous selected strain of 
sheep pox virus for controlling the disease in Per- 
sia. In Persia also, Delpy and Chamsy”’ prepared 
a eombined vaccine against sheep pox and anthrax 
by adsorbing sheep pox virus on to avirulent an- 
thrax spores. 

In Egypt, sheep pox has been known for many 
years, especially on the farms raising large num- 
bers of animals. Official reports on the disease are 
few because the majority of the owners raise few 
animals and neither report nor slaughter their in- 


From the Virus Research Station, Serum Institute, 


Abbasia, Cairo, Egypt. 


fected sheep. The disease is most prevalent in two 
seasons in this country, a mild form in summer, 
starting in May, and a severe form in winter, 
starting in December. In winter, the new crop of 
lambs appears and they usually show generalized 
infection with a mortality of 80 per cent or more 
of the herd. Some infected lambs are heavily cov- 
ered with pox lesions over all the body. They 
usually become blind and pneumonic and die after 
a short time (fig. 1 and 2). 

In the adult animals, local lesions under the tail 
are the most common manifestation of the disease. 
In a few adult cases generalization is seen, but 
they usually recover quickly leaving eroded sur 
faces (fig. 3). The most serious adult cases are 
those in which the lesions reach the udder and 
teats causing severe mastitis due to secondary in 
fection (fig. 4). 

For many years, sheep pox was combated in 
Egypt by using a sensitized vaccine imported from 
the Pasteur Institute of Algeria. In the following 
trial, a desiceated live virus vaccine was used for 
combating the disease. 


MATERIALS AND METHODS 


Technique.—Strains of three sheep pox viruses 
were imported from outside countries and tested 
on young susceptible lambs. The material brought 
from Persia* was found to contain viable virus. 
The Egyptian strain was isolated from typical 
outbreaks in sheep in Upper and Lower Egypt. 


* Through the courtesy of Dr. K. Kasteven of the Food 
and Agriculture Organization. 


Fig. 1—Sheep pox lesions on the face; papules 
are seen around the eyes, nostrils, and mouth. 
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Desiccated under vacuum, stocks were prepared 
from the Persian and from the Egyptian strains. 
After being tested on susceptible lambs, they were 
stored at —20C. The sheep used in this work were 
from the Breeding Experimental Farms belonging 
to the Ministry of Agriculture. Lambs 3 to 4 
months old that had no history of previous expo 
sure to or vaeeination against sheep pox were used. 

Preparation of the -The Egyptian 
strain of virus regularly caused generalization in 
the susceptible sheep, even when given in 
small doses, while the Persian strain when first re 
ceived produced a small local reaction the size of a 
Either the Egyptian strain had to be attenu- 
the Persian strain strengthened for the 
It was found easier to 


Vaccine. 


very 


pea. 
ated or 
preparation of the vaceine. 
inerease the virulence of the latter strain by serial 
passage of the virus in sheep; after five such pas- 
sages, which gave a suitable local reaction, it was 
used as the vaccine. The Egyptian strain was used 
to challenge the immunity. Four or 5 sheep, free 
of disease, were used for the preparation of each 
lot of vaccine. The wool on both sides of the belly 
and the skin 
Four ampules, each containing 1 


of each sheep was removed thor 
oughly cleaned. 
ml. of a desiccated Persian sheep pox virus, were 
100 ml. of sterile saline solution and 
subcutaneously in different 


On the fourth to sixth day, the tem 


dissolved in 
inoculated areas of 
each sheep. 
animals showed a 


peratures of the inoculated 


marked rise (41C.) and clear swellings and ten 


Fig. 2—Sheep pox lesions on the ventral 
face of the tail; ruptured pustules are shown. 
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Fig. 3—Eroded spots on the face at the points 
of dropped scabs in an ewe recovered from 
sheep pox. 


derness appeared at the seats of inoculations. On 
the eighth to tenth day, 


started to drop and the swollen skin to soften, the 


when the temperature 
animals were destroyed. The skin on both sides of 
the belly reflected and the 
gelatinous subcutaneous fascia collected. One quar 


was edematous and 


ter of its volume of sterile saline solution was 
added. Then it was ground in an electrie tissue 
grinder until an even emulsion was made. This 
material was then filtered through one layer of 


sterile gauze and 1 mi. of the filtrate was put in 
each small ampule or 5 mi. in each large ampule. 
The ampules were put in an Edwards’ desiceator 
until 
freezing 


dried unde 
The 


frigerator to 


their contents were thoroughly 


and vacuuming conditions. tubes 


vere then sealed and stored in the 


be tested before use in the field. 


Fig. 4—Sheep pox lesions on the skin of the 


udder and teats of an infected ewe. Some pap- 
ules are seen at the tip of the teat. 
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Titration of the Vaccine in Sheep.—The con- 
tents of one small ampule (1 ml. of desiccated vae- 
cine) was dissolved in 9 ml. of sterile saline solu- 
tion, or one big ampule containing 5 ml. of desie- 
cated dissolved in 45 ml. of sterile 
saline to make 1:10 dilution. From this dilution, 
tenfold dilutions up to 10° were prepared. Also 
from the 1:10 dilution, a dilution of 1:25 was 
made. Each dilution was inoculated, 1 ml. intra 
dermally in three areas, on the side of the belly of 
1 sheep. The reactions were read on the sixth and 
ninth day after inoculation. 
in table 1. 

As can be seen in table 1, the first lot of 
vaccine produced a positive reaction in two 
of the three areas inoculated with a dilu- 
tion of 1: 100,000 and in one of the three 
with a 1: 1,000,000 dilution. The fifth lot 
produced a positive reaction in all three 
areas with 1: 100,000 and was negative in 
all three with 1: 1,000,000 dilution. The 
third lot of vaccine produced positive reac- 
tions in a dilution of 1: 10,000 but was neg- 
ative in the 1: 100,000 and 1: 1,000,000 di- 
lutions. The second and fourth lots pro- 
duced results similar to the fifth lot. Thus, 
all of the lots of vaccine produced reactions 
at titers of 10°° except the third lot which 
produced reactions only to 10>. 

Cross-Immunity Tests.—The next problem was to 


vaccine was 


The results are shown 


determine whether the Persian strain would 
immunize against the Egyptian strain. Eleven 
young susceptible sheep from the breeding stock of 
the Faculty of Agriculture at 
Six were inoculated intradermally on the ventral 
surface of the tail, each with 0.5 ml. of a 
ampule of vaceine dissolved in 25 ml. of sterile 
saline solution; 5 lambs were left without vaecina 
Six weeks later all 11 
were inoculated intradermally in the inside of the 
thigh with the Egyptian virus. Each 
ml. from the small ampule containing 1 ml. of the 
This 
Egyptian virus constituted more than 


cross 


Cairo were used, 


small 


tion to be used as controls. 


received 0.5 
desiccated virus dissolved in 25 ml. of saline. 
amount of 
10,000 sheep infective doses. 

As shown in table 2, when challenged 
with the Egyptian virus, the vaccinated 
lambs showed no skin or febrile reaction 
whereas all of the controls showed a good 
febrile and skin reaction. This indicated 
that the Persian strain of sheep pox virus 
used in the preparation of the vaccine 
cross-immunizes with the Egyptian strain. 
Produced by the Vae 
determine at what time the animal 
should be revaecinated in the field, 45 lambs 3 or 4 
months old with no history 


Duration of Immunity 


cine, To 


of previous exposure 
to or vaecination against sheep pox were used; 36 
were inoculated intradermally in the ventral sur 
face of the tail with 0.5 ml. each of a 1:25 dilu 
tion of the vaceine; 9 sheep were used as controls. 
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On the ninth day after vaccination, 7 of the vae 


cinated group were challenged with 0.5 ml. each 
of a 1:25 dilution of the Egyptian sheep pox virus 
tail 


ou the inside of the thigh, as the was still 


Fig. 5—The local reaction produced from the 
vaccine at the seat of inoculation on the ven- 
tral surface of the tail. 


showing local vaccination reaction, and 3 of the 
controls were inoculated on the tail. Similarly 
challenged at ten months after vaceination were 


each of another group of 9 vaccinated and 6 cor 


trol animals, and at fourteen months after vaeci 
nation a third group of 5 vaccinated and 6 control 


animals were challenged (table 3 


TABLE 1—Titration of the Sheep Pox Vaccine 
in Sheep 
Dilution REULTS 
Vaecine Sheep of 
(lot No.) (No 


Area Area Area 


vaccine 1 2 


10 

25 

100 
1.000 
10,000 
100,000 


1 486 


1,000,000 


100 

1,000 + } 4 
10,000 

100,000 

1,000,000 


10 
25 

100 + 
1,000 

10,000 

100,000 
1,000,000 


5 166 


Positive local reaction negative local reaction 


1 
1 
1:10 
1:25 
1 
1 
287 
1 
4 
| 4 
4 4 
1 
1 + 
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TABLE 2—Cross-immunity Tests Between the 
Vaccine Strain and the Egyptian Sheep Pox 


Virus 
Results of Results of 
vaccination challenge 
Sheep Vaccine febrile skin febrile skin 
(No.) (dose) reaction reaction reaction reaction 
1513 | 0.5 ml. + + _ — 
1494 | of + + 
1503 | + + _ 
495 | 1:25 + - - 
501 | dilution + + _ 
1491 | + 
312 Control + 
1477 Control + > 
1461 Control + 
1468 Control pind BAS r + 
1490 Control ate + 


+ Geod skin or febrile reaction; — no skin or febrile 


reaction. 


From table 3, it can be seen that in the 
first and second tests when inoculated with 
the Egyptian virus the 9 control sheep all 
showed typical skin and systemic reactions 
while none of the 15 vaccinated sheep 
showed any skin or febrile reaction. 

In the third test, when the 5 vaccinated sheep 
were given the Egyptian virus fourteen months 
after vaccination, 1 showed a clear skin and fe- 
brile reaction while 4 showed no reaction at all. 
Of the 6 controls, 3 showed typical skin and fe- 
brile reaction; the other 3 were immune. This im- 
munity might be attributed to exposure to natural 
infection, the only known history about these 
sheep being that they were not vaccinated. This 
experiment indicates that the immunity produced 
by the vaccine was established by the ninth day 
after vaccination and continued in 100 per cent of 
the challenged sheep for at least ten months. How- 


TABLE 3—tTest of the Duration of 


ever, in fourteen months, the immunity had faded 
in 1 of the 5 vaecinated sheep but was still pres- 
ent in 80 per cent. The remaining vaccinated sheep 
will have their immunity similarly challenged two 
years or more after vaccination. 

Generalized Infection Not Produced by This 
Vaccine.—To determine whether the vaccine will 
produce any secondary lesions or generalization, 
observations were made on the 20 sheep that were 
used for the preparation of the five lots of vaccine. 
These sheep, each of which was given a large 
amount of virus, were under observation for eight 
or ten days before being slaughtered. During this 
period none showed any secondary lesions or gen- 
eralized pox infection. Also, the 5 sheep that were 
used for the titration of the different lots of vac- 
cine (table 1) were kept under observation for 
three months after inoculation. Despite the fact 
that each of these sheep received a large dose of 
the vaccine, none showed any secondary lesions or 
generalization. Also, when the vaccine was used in 
the field on thousands of sheep of different ages 
and breeds, none showed any secondary lesions or 
generalized pox infection. 

Infection Not Transmitted Vaccinated 
Sheep to Nonvaccinated Contacts.—In order to 
find out whether vaccinated sheep transmit the in- 
fection to nonvaccinated contacts, observations 
were made on the 24 sheep used for determining 
the duration of immunity (table 3 Although the 
control sheep were left in contact with the vacci 
nated ones for nine days in the first test and for 
ten months in the second, when these 9 sheep were 
given the Egyptian virus they were found to be 
fully susceptible. 
periment (table 2), the 5 control sheep were left 
in contact with the 6 vaccinated ones for six weeks 


from 


Also, in the cross-immunity ex- 


yet were fully susceptible. Similar observations in 
the field confirmed these results. 


Immunity Produced by the Vaccine 


Results of vaccination Results of challenge 


Test Sheep Sheep skin febrile skin febrile 
(No.) (type) (No.) reaction reaction reaction reaction 
2, 6, 8, + 
Jacci 0 3 
1.—Challenged 9 days Vaccinated 40, 11, 3 H 
after vaccination 
Control 12,15 xa 
and 20 t + 
16, 21, 27, + 
Vaccinated 32, 39, 44, + 
2.—( hallenged 10 months 45 and 50 H 
after vaccination 
Control 25, 165, 173, 
148, 182 and 139 as 4 + + 
70, 71 + 
Vaccinated 98,115 + 
and 120 + 4 
3.—-Challenged 14 months 200 4 
after vaccination 201 ; 
203 bas 
204 + } 
205 


+ Positive skin or febrile reaction; — negative skin or febrile reaction. 
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The Dose of the Vaccine.—To discover the most 
suitable amount and dilution of the vaccine to be 
given to each sheep in the field, several trials were 
made. Different dilutions of the vaccine were pre- 
pared and from each dilution different amounts 
were inoeulated intradermally in different areas in 
the ventral surface of the tail of a susceptible 
sheep. Although all the reactions produced by the 
different dilutions and different amounts of the 
vaccine were local, the size of this loeal reaction 
differed in each case. The inoculation of 0.5 ml. 
of a 1:25 dilution of vaccine gave a clear medium- 
sized reaction with a slight rise of temperature for 
one or two days but the animals inoculated did not 
deviate from the normal state. It was, therefore, 
decided to use this dose of the vaecine in the field 
to be inoculated intradermally in the ventral sur- 
face of the tail. 

Field Application of the Vaccine.—After show- 
ing that the vaecine was safe and potent it was 
tested in the field. The dose used was 0.5 ml. of 
the vaccine produced when the content of one 
small ampule was suspended in 25 ml. of sterile 
saline. It was injected, intradermally, in the ven- 
tral surface of the tail. The vaccine was tried 
first in herds on small farms and then in big herds. 
On examination of about 8,500 animals on the 
eighth or tenth day after vaccination, about 95 
per cent of the young lambs and 60 to 70 per cent 
of the adult animals showed clear local reaction. 
No secondary lesions or generalization was ob- 
served on any of the vaccinated sheep, nor did any 
show inappetence or deviation from the normal. 
None of the pregnant ewes aborted. 

The vaccine was also used in actual outbreaks of 
the disease in different farms in Egypt. In Upper 
Egypt, an outbreak oceurred in a herd of 995 
sheep of different ages and breeds. At the time of 
vaccination, 84 were isolated as infected and ten 
deaths were recorded. During the first seven days 
after vaccination, another 20 animals showed in- 
fection but after the eighth day no new cases were 
observed and most of the vaccinated animals showed 
clear local reactions at the point of inoculation. 
Similar results were observed in another outbreak 
in a herd of 500 in Lower Egypt. 

It could be concluded that the vaccine 
gave a high percentage of reaction and had 
no ill aftereffects even in the young lambs 
or pregnant ewes. When used in actual 
outbreaks of the disease, the vaccine pre- 
vented the appearance of new cases from 
the eighth day after vaccination. After 
these experiments, the vaccine was distrib- 
uted to the state veterinarians and to farm- 
ers everywhere in the country. Since the 
end of 1950, five lots of vaccine amounting 
to about half a million doses, have been 
dispensed. More than 100,000 doses of the 
vaccine were sent to the neighboring Ara- 
bian States where it was also used with 
good results. 


SHEEPPOX AND Its CONTROL IN EGypT 


213 


DiscUssioN AND SUMMARY 


Sheep pox, one of the most serious dis- 
eases that affect sheep in Egypt, is widely 
spread and causes high mortalities, espe- 
cially in winter when the new crop of 
lambs appears. For many years, the dis- 
ease was controlled in Egypt by using a 
sensitized vaccine imported from the Pas- 
teur Institute of Algeria. Since the end of 
1950, a desiccated live virus vaccine has 
been prepared locally from the Persian 
strain, which was found to cross immunize 
with the Egyptian virus. The vaccine gave 
a high titer reaching 10°° in sheep. When 
used in the field, 0.5 ml. of a 1:25 dilution 
was recommended to be given to each sheep 
intradermally in the ventral surface of the 
tail. The vaccinated sheep showed a me- 
dium-sized local reaction at the seat of in- 
oculation and a mild febrile reaction. None 
of the vaccinated sheep showed any sec- 
ondary lesions or ill aftereffects. Half a 
million doses of the vaccine were prepared 
and used in the field to date. More than 
100,000 doses of the vaccine were sent to 
the neighboring Arabian States and used 
there with good results. 

Immunity produced from the vaccine 
was found to start from the ninth day of 
vaccination and lasted for fourteen months. 
When used in actual outbreaks, the vac- 
cine stopped the appearance of new cases 
of the disease from the eighth day after 
vaccination. 
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The Effect of Vibriosis upon Subsequent Reproduction 
in Range Ewes 


EARL L. WIGGINS, Ph.D. 
Dubois, Idaho 


Ir is generally believed that individual 
flocks of range sheep seldom, if ever, suffer 
losses from vibrionic abortion in consecu- 
tive vears. However, there appears to be 
little or no information regarding the ef- 
fect of vibriosis on the percentage of non- 
pregnant (dry) ewes, the percentage of 
multiple births, and other expressions of 
fertility in a flock in subsequent years. 


This study was made to secure = such 
information. 
MATERIALS AND METHODS 

In 1952, the ineidenee of birth of immature 


lambs was much higher than usual in the flock of 
the U. S. Sheep Experiment Station. Some of the 


aborted fetuses were examined by Dr. Hadleigh 
Marsh of the Montana Experiment Station and 
the organism, Vibrio fetus, was found. In addi- 


tion, the percentage of ewes classified as dry was 
considerably higher than in past years in Colum- 
and Targhees but not in the Rambouillet 
breed. This may have resulted from prenatal 
deaths and resorptions caused by vibrionic infee 
tion in the Columbia and Targhee ewes. They had 
been bred eighteen days later than the Rambouil 
let ewes and, therefore, would in an 
earlier stage of gestation if both bands were in- 
fected at the same time. 


bias 


have been 


At culling time in 1952, ewes Were eliminated as 
usual for old age, unsoundness, et cetera, but no 
special effort made to eliminate or retain 
ewes that had had immature lambs the previous 
spring. Likewise, in selecting rams for in 
breeding, no attempt was made to use or avoid 
using rams simply because they had been used the 
year before. As a result, 21 the fall 
before the vibriosis outbreak were used again the 
following fall. 

Data were available on the lamb production of 
1,768 ewes that were in the flock in 1952 and 1953 
and were bred in pens in which there was no evi- 
dence of low fertility in the Ewes 
from five breeding pens which were dry or of ex- 
tremely low fertility 30%) not 
included in the study since their poor reproductive 
performance may have been due partly to the low 
The sample of ewes 


was 


use 


rams used 


rams used. 


(less than were 


fertility of the rams used. 
studied was representative of the entire flock in 
1952 in pereentage of dry ewes and ewes having 
immature lambs (tables 1 and 2). Data were also 


From the U. 8S. Sheep Experiment Station and West 


Research 


ern Sheep Breeding Laboratory, Agricultural 
Service, U.S.D.A., Dubois Idaho, in cooperation with 
the University of Idaho 


available on the 1953 lamb production of 692 
2-year-oid ewes that were added to the breeding 
flock the fall after the outbreak of vibriosis. 

To compare lamb production in the two years, 
individual ewes within breed and age groups (e.g., 
Columbia ewes born in 1945) were placed in one 
of four classifications on the basis of their 1952 
lambing records, namely: dry (no lambs born), 
immature lamb(s), dead lamb(s), or live lamb(s). 
If a ewe had twin lambs in two categories she was 
put into the higher classification, e.g., a ewe hav 
ing an immature lamb and a dead lamb was elassi 
fied as having a dead lamb and a ewe having a 
dead lamb and a live lamb was classified as having 
a live lamb. The ewes within each class were sim- 
ilarly classified on the basis of their 1953 lambing 
records except that ewes having live lambs were 
divided further into those having 1 live lamb and 


those having 2 or more live lambs. 
Chi-square tests of homogenity 
to test the significance of 


groups. 


were employed 
differences between 
RESULTS 

The percentages of ewes having imma- 
ture lambs in 1953 were much lower than 
in 1952 in every breed and age group 
studied (table 1). They were 2.8 for ewes 
3 years old and older, i.¢e., ewes that had 
been in the flock the year of the vibriosis 
outbreak, and 3.2 for the 2-year-old ewes. 
Both percentages were slightly below the 
average percentage (3.5) of ewes of all 
ages having immature lambs in this flock 
from 1940 through 1951. Thus, the per- 
centage of ewes having immature lambs 
was no higher than normal the year fol- 
lowing a bad outbreak of vibriosis either 
in the ewes retained in replacement 
ewes added to the breeding flock. 

The percentage of dry ewes was much 
lower in 1953 than in 1952 in practically 
every age group within the Columbia and 
Targhee breeds (table 2). Over-all per- 
centages of dry ewes were 29.0 and 9.0 in 
Columbias and 23.7 and 6.4 in Targhees in 
1952 and 1953, respectively. The 1953 fig- 
ures are about 2 per cent lower in Colum- 
bias and 1 per cent lower in Targhees than 
the long-time average percentages for these 
breeds. The percentage of dry ewes in 
Rambouillets was 8.0 in 1953 as compared 
with 6.4 in 1952 and a long-time average 
percentage of 9.4. 


or 
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TABLE 1—Percentages of Ewes Having Immature Lambs in 1952 and 1953 (Dry Pens 


Excluded) 
Age of ewes in years 
No. 
Breed Year Population ewes 2 $ 4 5 6 7 8 

(%) (%) (%) (%) (%) 

Coiumbia 1952 All 524 31 23 20 21 6 14 26 
1952 Sample 379 32 24 22 22 1 27 me 

1953 All 531 4 4 1 3 0 0 0 

Targhee 1952 All 676 24 31 28 27 18 7 20 
1952 Sample 498 27 37 25 31 19 4 ait 

1953 All 739 4 0 1 1 4 0 9 

Rambouillet 1952 All 1,252 31 3 28 24 18 12 10 
1952 Sample 891 30 3 31 28 14 il = 

1953 All 1,190 2 7 5 1 3 0 0 


* The ewes in this group are the ones which were present at lambing in 1953 and were included in 


the study reported in this paper. 


* Only a few ewes that were 8 years old in 1952 were still in the flock in 1953 and they were com 


bined with the 7-year-old ewes in this study. 


The data on lamb production in the 
three breeds could not be summarized sat- 
isfactorily because previous analyses had 
established that ewes with different kinds 
of 1952 lambing records (dry ewes, ewes 
having immature lambs, ete.) were not 
present in equal proportions in different 
breeds or in different age groups within 
breeds (tables 1 and 2).* It is obvious that 
if the 1953 lamb production by ewes with 
different kinds, of 1952 lambing reeords 
was compared over all ages within a breed, 
possible differences in production associ- 
ated with previous lambing records would 
be confounded with differences in produc- 
tion caused by differences in the ages of 
the ewes. Similarly, comparisons within 
age groups over all breeds would be con- 
founded with breed differences in lamb 
production. 

Within breed and age groups, ewes with 
the four kinds of 1952 lambing records did 
not differ significantly in their 1953 lamb 


detailed 
production of ewes 


Rather 


1953 


tables showing the 
different kinds of 
1952 lambing records within breed and age groups will 


mimeographed 


lamb with 


be furnished by the author upon request. 


production as evaluated by the following 
criteria: percentage of dry ewes, percent- 
age of ewes having immature lambs, 
percentage of ewes having dead lambs, 
percentage of ewes having 1 live lamb, per- 
centage of ewes having 2 or more live 
lambs, percentage of live lambs born per 
ewe at lambing, percentage of lambs 
weaned per ewe, or percentage of live 
lambs born. The weaning weights of the 
lambs were not analyzed statistically but, 
in view of the great variation in the 
weights of individual lambs, the relatively 
small numbers of lambs within groups, 
and the apparent lack of consistency from 
one breed and age group to another, it did 
not appear that significant differences in 
weaning weights of lambs could be de- 
tected in these data. 

Over-all lamb production in 1953 as 
measured by the percentage of ewes lamb- 
ing, percentage of live lambs of all lambs 
born, percentage of lambs weaned of live 
ambs born, and average weaning weight 
of lambs appeared to be slightly above 
average. This was probably due to a fa- 
vorable year rather than to any beneficial 


TABLE 2—Percentages of Dry Ewes in 1952 and 1953 (Dry Pens Excluded) 


No. 

Breed Year Population ewes 
Columbia 1952 All 524 
1952 Sample 379 

1953 All 531 

Targhee 1952 All 676 
1952 Sample 498 

1953 All 739 

Rambouillet 1952 All 1,252 
1952 Sample* 891 

1953 All 1,190 


the study reported in this paper 
* Only a few ewes that were 8 years old in 
bined with the 7-year-old ewes in this study. 


1952 


Age of ewes in years 


2 3 4 5 6 7 ] 
(%) (%) CH) C%) (%) (%) (% 
29 40 22 27 19 11 10 
27 37 18 25 16 0 

17 9 7 0 7 0 7 
29 14 21 27 8 2 7 
26 7 21 22 6 0 oes 
10 4 1 6 4 10 4 

9 7 6 8 2 2 10 
6 10 6 13 
12 6 4 ” 9 7 4 


* The ewes in this group are the ones which were present at lambing in 1953 and were included in 


were still in the flock in 1953 and they were com 
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effect of vibriosis on lamb production the 
following year. 


Discussion 

Undoubtedly, some errors were made in 
classifying ewes in 1952, particularly as to 
whether a ewe was dry or had had an im- 
mature lamb, because the decision was 
often based on very meager evidence. 
Probably a few errors were also made in 
classifying lambs as immature or dead. 
However, it is thought that such errors 
were neither frequent enough nor impor- 
tant enough to invalidate the results of 
this study. 

It seems reasonable that two possible 
effects of vibriosis on subsequent reprodue- 
tive performance of ewes in this flock 
might be expected. It could be assumed 
that the high percentage of ewes that did 
not nurse lambs in 1952 would benefit 
from the rest and would consequently re- 
bound in production in 1953 to the extent 
that the over-all lamb production of the 
flock would be definitely above average. 
On the other hand, it could be argued that 
a considerable number of the ewes that 
aborted or resorbed their fetuses probably 
sustained permanent in<uries to their geni- 
tal tracts or to their general health, or to 
both, that would seriously interfere with 
their production in subsequent years. The 
advanced stages of degeneration of some 
fetuses at time of expulsion, the purulent 
discharges of some ewes for some time 
after parturition and the fact that death 
losses of ewes at lambing seemed higher 
than normal could be cited as reasons for 
thinking that vibrionie infection would 
permanently injure some ewes. Since there 
were no significant differences in the 1953 
lamb production of ewes with different 
kinds of 1952 lambing records, it could be 
argued that the vibrionic infection in 1952 
simply had no long-lasting effects on any 
of the ewes. However, it seems much more 
reasonable to assume that both of the ef- 
fects mentioned previously were operating 
but that they tended to cancel each other. 
In other words, some ewes did indeed re- 
bound in production after a year of rest 
but other ewes failed to produce as they 
would have had their genital tracts not 
been injured as a consequence of vibriosis. 
A careful study of a large body of data 
would probably yield some information on 
this point but the present data are inade- 
quate for the purpose. 


These results indicate that in the year 
following an outbreak of vibriosis the 
over-all production of ewes that aborted or 
were dry was about the same as that of 
ewes of the same breed and age that re- 
produced normally during the year of the 
infection. Therefore, in the event of an 
outbreak of vibriosis in a flock, it would 
seem wise to cull the ewes in the usual 
manner for unsoundness, old age, et cetera, 
and not make any special effort to either 
discard or retain ewes solely on the basis 
of their lambing record in that year. How- 
ever, it is emphasized that the results re- 
ported here may not be entirely consistent 
with the results that would be expected in 
other flocks under different systems of 
management or even in this flock at an- 
other time. Similar studies of other flocks 
under other conditions of management and 
in several different years could contribute 
materially to the knowledge of the effect of 
vibrionic abortion on subsequent reproduc- 
tive performance of range ewes. 


SUMMARY 


Data were available on the lamb pro- 
duction of 1,768 ewes that were present at 
lambing in the flock of the U. S. Sheep 
Experiment Station in a year when losses 
from vibriosis are known to have oceurred 
(1952) and also the following year (1953). 
The percentages of ewes having immature 
lambs in 1953 were slightly below the av- 
erage percentage for the period 1940 to 
1951 both in the 1,768 ewes that had been 
in the breeding flock in 1952 and in the 
692 replacement ewes added to the breed- 
ing flock the fall after the outbreak of vib- 
riosis. The percentage of dry ewes was 
slightly below the long-time average. Thus, 
it appears that there were no losses from 
vibriosis the year following a bad outbreak. 

Within breed and age groups, ewes with 
1952 lambing records of no lambs (drys), 
immature lamb(s), dead lamb(s), or live 
lamb(s) did not differ significantly in 
their 1953 lamb production as evaluated 
by: percentage of ewes having no lambs 
(dry), percentage of ewes having imma- 
ture lambs, percentage of ewes having 
dead lambs, percentage of ewes having 1 
live lamb, percentage of ewes having 2 or 
more live lambs, percentage of live lambs 
born per ewe lambing, percentage of lambs 
weaned per ewe, or percentage of lambs 
weaned of live lambs born. 
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The Pathogenesis of Telangiectasis in the Bovine Liver 
Il. Histopathological and Microbiological Studies 


A. C. ANDERSEN, V.M.D., Ph.D. 


Davis, California 


PRrEvious morphological studies on the de- 
velopment of telangiectasis in the bovine 
liver have not been conclusive. It is the 
purpose of this study* to deseribe, with the 
aid of illustrations, the manner by which 
hepatic parenchyma, in varying amounts, 
is replaced by blood. An explanation of 
the processes involved in observable tissue 
damage might suggest the primary etiol- 


ogy for this condition. Therefore, this 
study is presented to show the fully 
formed lesion and the series of events 


occurring in its development. 


MATERIALS AND METHODS 


Teiangiectatic areas were selected for tissue 
study from animals identified as to age, sex, and 
market class. The liver was incised as quickly as 
possible following slaughter and pieces of tissue 
M46 to % inch in thickness were placed in various 
fixatives. Excessive handling of the organ was 
avoided and a sharp razor was used to remove tis- 
sue slices. The following fixatives have been used 
in this study: neutral-formol (dilution 1:10), 
Bouin’s fluid, B-15,’ Zenker-formol fluid, Worces- 
ter, Carnoy’s fluid, aleohol-formol, alcohol-picric 
acid,” osmie acid method for fat,* dioxane and 
formaldehyde (1:10), DeFano (for Golgi’s appa- 
ratus and mitochondria), and Regaud fixatives. 
After the tissue had been in a particular fixative 
for one hour, the solution was renewed. Various 
sectioning techniques have been employed, includ- 
ing freezing technique for fats, paraffin embed- 
ding for serial sectioning, and embedding in nitro- 
cellulose for routine sectioning. Nitrocellulose 
embedding avoids the use of heat, preventing ex 
cessive tissue distortion. All sections embedded in 
nitrocellulose were affixed to the slide directly 
from the knife, and each slide was marked as to 
the tissue and thickness of sectioning. Routine 
sectioning was done at 8, 6, 4, and 2 uw. Various 
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in part I which appeared in the January issue of the 
American Journal of Veterinary Research (pp. 27-34). 
However, parts II and III have been combined in this 
issue as part II. Parts III and IV are also published in 
this issue which completes the series. 


staining techniques were applied to sections for 
histochemical and tissue identity: hematoxylin 
and eosin, Hotchkiss’ technique for polysaecha- 
rides,” Pollak’s rapid trichrome,‘ and Foot and 
Menard’s silver carbonate solution for reticulum.’ 


THE NORMAL LIVER 


The bovine liver is the largest single organ of 
the body, averaging 13 lb. in weight or, approxi- 
mately, 1 per cent of the live-animal weight.* This 
lobate organ is composed of histological units or 
lobules described by Trautman’ as irregular poly- 
hedral prisms between 1.5 and 2.5 mm. in length 
in the adult, but smaller in the young or growing 
animal. This histological unit or lobule of the 
liver consists of parenchymal cells and connective 
tissue elements radially arranged from the central 
vein toward the periphery of the lobule. Afferent 
blood is received at the periphery of the lobule 
and passes through the sinusoids to be collected 
in the central veins as efferent blood. Elias* de- 
seribes the hepatic cells of the lobule as arranged 
in plates or laminae which are separated by sinus- 
oids that intereommunicate by lacunae. Traut- 
man’ describes in the bovine liver loose connective 
tissue from Glisson’s capsule continuing in the 
liver substance as interlobular supportive tissue 
from which continues an intralobular reticular 
framework. This delicate reticular stroma of the 
hepatic lobule aids in support of the hepatic cells, 
preventing distortion from blood flowing from the 
higher interlobular to the lower intralobular blood 
pressures. The irregular polyhedral hepatic cells 
are 20 to 25 mw in diameter in the adult, but 
smaller in the young or growing animal.” The 
hepatic laminae are lined on the sinusoidal bound- 
ary by reticuloendothelial cells. As stated by 
Maximow,” ‘‘It is quite likely that the reticular 
fibers with their ground membrane, together with 
the lining and Kupffer cells, form a complete wall 
for the sinusoids (fig. 25). This lining completely 
separates the blood from direct contact with the 
liver cells, and the space between this membrane 
and the hepatie cells is available in the interior of 
the lobule for the transfer of lymph.’’ Ham” in 
discussing the hepatic reticuloendothelial cells 
states, ‘‘Further, the more differentiated cells 
give rise to reticular fibers which extend along the 
sinusoids and around the liver cords to provide 
their support. Amorphous intercellular substance 
also may be present to help the cells form a con- 
tinuous membrane.’’ 

Probably the most controversial subject in liver 
morphology concerns the formation of lymph by 
this organ. Diseussions vary from that of Mar- 
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Fig. 1—Section (6) from a bovine liver showing intralobular telangiectasis. (a) Cen- 


tral vein, (b) normal parenchyma, (c) slood spaces. x 100. 


Fig. 2—Enlargement of area “‘c” in figure 1. (c) Blood spaces. x 400. 


Fig. 3—Section (6) showing multilobular telangiectasis in the bovine liver. (a) Portal 
vein, (b) normal parenchyma, (c) blood spaces. x 100. 


Fig. 4—Enlargement of area “c” in figure 3. (c) Blood spaces. x400. 


Tissues fixed in Bouin's fluid, embedded in nitrocellulose, and stained with hematoxylin and eosin 
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kowitz “ diselaiming any hepatic lymph formation 
to the more widely accepted opinion that large 
quantities of lymph are formed by the liver. 
Child * gives a recent and comprehensive review 
on this subject which has been in controversy for 
the past century or more. In discussing the lymph 
spaces of the liver, he states, ‘‘ Although they may 
function as such, they can never by definition be 
true lymphaties, for they do not possess endothe- 
lial linings. The perisinusoidal space (Disse) is 
bounded on one side by the wall of the sinusoid 
which probably consists in large measure of Kupf- 
fer’s cells and on the other by the hepatic cells. 
The perilobular space (Mall) is bounded on one 
side by the connective tissue of the portal tract 
the other side by the hepatic cell mem- 
A description of hepatic lymph flow is 
* as fluid seeping by the inter- 
cellular space toward the periphery of the lobule 
to be drained by lymphatic eapillaries in the por- 
tal canal. 

The portal vein, 


and on 
brane.’’ 


given by Cowdry 


supplying afferent blood to the 


liver, has a variation in its terminal branches. 


Elias 
borizations and terminals, 


deseribes various types of portal vein ar- 
supplying small berry- 
like parenchymal masses composed of several lob- 
ules and called acini. In the bovine liver, Julian 
DeOme " 


portal 


several orders of hepato- 


and the 


and describe 


vein distributaries presence of 


canal, 


rissues were fixed in Bouin's fluid, 


Fig. 5—Section ) of a bovine liver showing intralebular 
mal parenchyma, (b) area of enlarged intercellular spaces, (c) demarcated area be- 
tween a and b. x 100. 

Fig. 6—Section (8,4) of a bovine liver showing lobular pretelangiectasis. 
(e) central vein, (f) parenchymal erosion. 


embedded in nitrocellulose, 


portal cireuits(anastomoses) preceeding the origin 
of the interlobular veins. 

The liver is a dynamic rather than a static or- 
gan. During inaetivity a large portion of this 
organ acts as a blood depot, the function of which 
greatly decreases with digestion.” Child” reviews 
the modern concept of Knisely in which, by the 
‘<sluice mechanism,’’ the liver as a whole is con- 
stantly changing in its vascular capacity, fune- 
tion, and pressure relationships. As an example 
of this change in pressure, Wright ” found in man 
the normal portal pressure to be 10 to 20 mm. 
Hg.—which may, in passive congestion, increase 
to 40 mm. Hg. or more. The eapillary (sinusoidal) 
bed of the liver has a low blood pressure which 
MacLeod " found to vary between zero and 5 mm. 
Hg. and to be favorable for the formation of 
lymph. According to Wiggers,” 70 to 80 per cent 
of the afferent blood to the liver is transported by 
the portal vein, while 20 to 30 per cent is derived 
from the hepatie artery. The chief resistance to 
this blood flow occurs in the sinusoids and venous 
sphincters of this organ.” As with blood flow, 
there is also considerable variation in the chemi- 
cal composition of the liver. Wright” found that 
the liver weight itself may vary fourfold, and the 
chemical composition may vary as to the diet and 
health of the animal—thirty-two fold in fat con 
tent, one hundred and fifty fold in glycogen con 
tent, and twofold in the water content. 


(a) Nor- 


(d) Portal 
x 50. 


and stained with hematoxylin and eosin 


Fig. 7—Section (24) showing cytopathological changes in pretelangiectasis of the bo- 
vine liver. x 900. 

Fig. 8. Enlargement of area “a” in figure 7. x 2700. 

Fig. 9—Enlargement of area “b” in figure 7. x 2700. 

Fig. 10—Enlargement of area “c” in figure 7. x 2700. 

(a) Extracellular globule, (b) rupture of hepatic Jamina, (c¢) thickened endothelium and _ intercellular 
vacuole, (d) erythrocytes in sinusoid, (e) cytoplasmic protrusion, (f) endothelial nucleus, (g) hepatic cell, 
(h) sinusoid, (i) erythrocytes, (j) mitotic hepatic cell, (k) rupture of hepatic lamina, (m) disrupted 
endothelium, (n) stump of lamina, (0) cytoplasmic mass in sinusoid, (p) thickened endothelium, (q) 
extracellular vacuole, (r) hepatic cell, (s) excavated intercellular channel, (t) extracellular mass, (v) 
hepatic cytoplasm passing into channels. 

Tissue fixed in alcohoi-formol, embedded in nitrocellulose, and stained by Hotchkiss’ technique and Pollak’s 
trichrome. 
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THE PATHOGENESIS OF TELANGIECTASIS 


The Fully Formed Lesion.—Telangiec- 
tasis appears in the bovine liver as vascu- 
lar spaces of variable size which appear 
dark purple to red-brown in color. The 
subgross anatomy of the lesion has been 
described by Julian *° as spherical to large 
multilobular masses varying from 1 mm. to 
2 em. in diameter. The space occupied by 
this lesion is filled with blood, causing the 
darker color in contrast to the svrrounding 
parenchyma. Photomicrographs of two 
such lesions are presented in figures 1 to 4, 
representing, respectively, intralobular 
and multilobular forms of telangiectasis. 
Figures 1 and 2 show a microscopic lesion 
consisting of irregular, oval-shaped spaces 
filled with blood containing a few mono- 
nuclear cells. The adjacent and surround- 
ing parenchyma appears normal morpho- 
logically. Closer observation of these blood 
spaces (fig. 2) shows the endothelium of 
the hepatic laminae to be closely adherent 
to the hepatic cells in some areas while, in 
others, it is completely separated from the 
laminae. The hepatic laminae are arranged 
around the larger blood spaces as if forced 
into this position by the blood contained in 
the lesion. 

A multilobular lesion is seen in figures 
37 and 4, showing a condition similar to 
that found in the intralobular lesion, ex- 
cept that the larger blood spaces are sepa- 
rated by septums of hepatic cells. How- 
ever, by paraffin serial scetions, these blood 
spaces are seen to intercommunicate; 
hence, the name cavernous telangiectasis 
that has been used to describe this type of 
lesion. The lesions presented in figures 1 
to 4 are well formed and do not appear as 
a progressive type of lesion, for the sur- 
rounding parenchyma appears normal 
morphologically. 


PRETELANGIECTASIS 


During the past three years, several 
thousand telangiectatic lesions have been 
studied by the use of various histological 
techniques. These studies have shown le- 
sions in the process of formation, lesions 
fully formed, and some with secondary 
changes. Telangiectasis is asymptomatic 
clinically. Therefore, the morphology of 
telangiectasis in phases of development has 


+ Previously published by author.** 


been studied by selecting tissues from ani- 
mals showing a marked rise in incidence. 
As previously described, the greatest rise 
in incidence occurs in cattle placed in the 
feedlot between thirty and eighty days. 
Telangiectatic areas in the livers of cattle 
kept in the feedlot during this period con- 
tain lesions in various stages of develop- 
ment. The areas selected for microscopic 
sections were obtained by macroscopic 
identification of telangiectasis. 

Separation of Sinusoidal Endothe- 
lium.—The study of many developing le- 
sions reveals a progression of events prior 
to the actual loss of hepatic cells and de- 
velopment of blood spaces. These earlier 
lesions are seen as intralobular to multi- 
lobular areas in which the hepatic laminae 
are obviously abnormal in comparison to 
the adjacent parenchyma. Such areas, rep- 
resenting a pretelangiectatic condition, are 
shown in figures 5 and 6. Figure 5 illus- 
trates a portion of one lobule (b) in which 
the hepatic laminae are separated from 
each other. This separation of the hepatic 
laminae results from the intercellular ac- 
cumulation of material and its release into 
the sinusoids. The manner in which this ab- 
normal substance accumulates will be illus- 
trated in detail. It will be noticed in figure 
5 that the hepatic nuclei in area b appear 
similar to those in the surrounding healthy 
parenchyma (a, fig. 5). Figure 6 shows a 
more extensive or lobular involvement of 
separated hepatic laminae with a few areas 
(f) of eroded hepatic parenchyma. 

Because the hepatic cells in pretelangiec- 
tasis appear normal in relation to the ex- 
tensive endothelial damage, the possibility 
of extracellular distortion occurring as the 
primary histopathological cause of telangi- 
ectasis has been studied. The author has 
published a preliminary account based on 
an incomplete series of events to explain 
the pathology involved.** Figures 7 to 10 
are presented as a review with additional 
enlarged photomicrographs. It will be 
noted in figure 7¢ that, in area a, a distinct 
globular mass is seen between the hepatic 
cell and endothelium with a break in this 
same lamina (area b) and a thickened en- 
dothelium (area c). A more detailed study 
of this extracellular mass, as shown in fig- 
ure 8, illustrates that this mass (a) con- 
tains large staining granules in a fluid 
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Fig. 11—Section (4,) showing pretelangiectasis in the liver of a steer in the feedlot 
sixty days. (a) Central vein, (1) area which is shown enlarged in figure 13. x 300. 
Fig. 12—Control section (4,4), from same pretelangiectatic liver as in figure 11, treated 
with saliva for thirty minutes to hydrolyze glycogen. (a) Central vein, (2) area which 
is shown enlarged in figure 14. x 300. 

Fig. 13—Enlargement of area 1 in figure 11. (b) Enlarged extracellular space, (c) 
hepatic lamina. x 600. 

Fig. 14—Enlargement of area 2 in figure 12. (b) Enlarged extracellular space, (c) 
hepatic lamina. x 600. 


Tissues fixed in alcohol-picric acid, embedded in nitrocellulose, and stained with Hotchkiss’ technique fo 
polysaccharides and with Pollak’s trichrome as a counterstain 
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distinctly separating the endothelial cell 
(f) from the hepatic cell (g). The ecyto- 
plasm of the hepatic cell (g) is protruding 
into the extracellular mass in nipple form 
(e), with the remainder of the cytoplasm 
distinct. The endothelial cell (f) lining 
the sinusoid is slightly elevated above its 
continuing cytoplasmic wall. Interior to 
this endothelial cell (f), there is a dark- 
ened object surrounded by cytoplasm 
which is presumed to be a reticular cell (as 
similar structures have been observed asso- 
ciated with reticulum). Figure 9 is an en- 
largement of area b in figure 7 and illus- 
trates a rupture or intercommunicating 
defect in the hepatic lamina (n) in which 
the endothelial cell (m) is displaced into 
the sinusoid which contains the hepatic 
cytoplasm (0). The broken stump of the 
hepatic lamina (n, fig. 9) contains large 
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granules at the border of the rupture area 
(k). Figure 10 is an enlargement of area 
c in figure 11, showing a thickening of the 
endothelial cell (p). This photomicrograph 
also shows the extracellular space (q) to be 
clear—presumably resulting from the pas- 
sage of its contents along the hepatic lam- 
ina into the extracellular mass (t) by way 
of an intercellular channel (s). Hepatic 
cell cytoplasm is shown (v) passing into 
this channel. 

Histochemistry of the Extracellular Ma- 
terial—In the attempt to identify the 
chemical constituents of this abnormal ac- 
cumulation of extracellular material, sev- 
eral histological techniques were «employed 
The use of frozen fixed and 
stained with osmie acid or by Sudan IV to 
identify fat did not reveal the presence of 
fatty substances in the extracellular mate- 


sections 


Fig. 15—Further enlargement of section shown in figure 13, showing (d) endothelium, 


(h) intercellular septums, (i) sinusoid, 


(j) hepatic cell, and (k) 


intercellular bleb. 


x 1500. 
Fig. 16—Further enlargement of control section shown in figure 14, showing (d) endo- 


thelium, 


(g) homogeneous material, protein, 
(j) hepatic cell, and (n) loss of cytoplasmic continuity. 


(h) intercellular septums, (i) sinusoid, 


x 1500. 
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rial. An aleohol-ether insoluble fraction 
was identified repeatedly in routine serial 
sections. Serial sections embedded in nitro- 
cellulose were cut between 2 and 4 », with 
every other section used as a control. The 
two fixatives used were alcohol-formol and 
alcohol-picrie acid, and sections were rou- 
tinely stained with Hotchkiss’ periodic 
acid method for polysaccharides and Pol- 
lak’s trichrome as a counterstain for cellu- 
lar details. The control sections were 
treated with salivary digestion for thirty 
minutes prior to staining. Use of this 
method on numerous sections from pretel- 
angiectatic lesions revealed the constant 
finding of glycogen between the hepatic 
cell and the lining endothelium. A series 
of photomicrographs at increasing magni- 
fication with the control section are pre- 
sented in figures 11 to 14, 15 and 16, and 
17 and 18. These photographs, taken with 
the same intensity of illumination, show a 
pretelangiectatic central vein area ob- 
tained from the liver of a steer slaughtered 
after sixty days in the feedlot. Figure 11 
demonstrates hepatic cells quite uniformly 
filled with glycogen by comparison with 
the control section (fig. 12). In both fig- 
ures, varying degrees of endothelial sepa- 
ration appeared. A higher magnification, 
shown in figure 13, demonstrates the pres- 
ence of particles of varying size suspended 
in a lighter staining homogeneous material 
within the extracellular spaces. The control 
section (fig. 14) shows the presence of a ho- 
mogeneous material but not the larger and 
darker staining particles; this indicates a 
glycogen fraction in the extracellular 
material. The homogeneous material is con- 
sidered to be protein as it appears meta- 
chromatic in the control section. The con- 
centration of this extracellular glycogen 
and protein evidently varies, as it is not 
found uniformly distributed along the he- 
patie laminae, as shown in figure 15. This 
figure demonstrates some of the hepatic 
cytoplasmic membranes to be intact, while 
other hepatic cells show disruption of the 
membrane. Endothelial separation along a 
lamina reveals intercellular strands ex- 
tending from the hepatic cell to the endo- 
thelium (h, fig. 15, 16, 17, and 18). These 
strands are probably artefacts resulting 
from endothelial separation. 

The accumulation of extracellular glyco- 
gen fluid causes a variation in the extent 
of endothelial separation from the hepatic 


cells. The endothelium most commonly sep- 
arates along the affected lamina (fig. 13). 
However, occasionally an individual he- 
patie cell is involved to form a cellular 
bleb, as shown in figure 17. The cellular 
bleb in this figure contains dark granules 
of variable size. The control section (fig. 
18) illustrates these granules as spherules 
after glycogen has been removed. The 
presence of glycogen in the form of spher- 
ules is probably a histological artefact due 
to the precipitation of protein with fixa- 
tion. Evidence to support this observation 
is based on the occurrence of glycogen par- 
ticles in alcohol-formol fixed tissue (fig. 7 
to 10) larger than are found in aleohol- 
picrie acid fixed tissue (fig. 15 and 16). 
DeRobertis, Nowinski, and Saez ** describe 
hepatic intracellular glycogen in the form 
of microsomes or ultramicroseopic parti- 
cles composed of glycogen, protein, and 
water. The protein is said to represent 
about 1 per cent by dry weight of the gly- 
ecogen microsomes. Pearse ** states, ‘‘ There 
is no doubt that glycogen present in fixed 
sections of skin, liver, muscle, and other 
tissues is always entirely removable by 
saliva or diastase.’’ The nonstaining or 
clear area of the extracellular mass repre- 
sents an unidentifiable fraction. It is prob- 
able that smaller glycogen molecules could 
be lost in the preparation of the section, or 
this nonstaining fraction could be a solute 
in water that is not preserved by fixation. 
As previously mentioned, the presence of 
fatty substances could not be found in this 
extracellular mass. This extracellular poly- 
mer of glucose in a complex with protein 
probably forms a particle of such size as to 
be nondiffusible through the endothelium 
of the hepatic laminae. Cowdry** describes 
this barrier as pervious to the smaller but 
not to the larger protein molecules. 

Erosion of Hepatic Cells——Following 
the accumulation of extracellular material, 
the hepatic cells are lost into the general 
circulation by erosion, as previously dis- 
cussed by the author.*: This publication 
could only in part explain the lesions ob- 
served macroscopically. A critical study 
has demonstrated that the separation of 
the sinusoidal endothelium occurs in intra- 
lobular, lobular, or multilobular patterns. 
This separation is followed by hepatic cell 
erosion which may occur in massive 
amounts. 

Extracellular glycogen has been dis- 
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Fig. 17—Further en- 
largement of section of 
pretelangiectatic bo- 
vine liver shown in fig- 
ure 15. (d) Endothe- 
lium, (e) glycogen 
granules in bleb, dark, 
(h) intercelluiar sep- 
tums, (i) sinusoid, (j) 
hepatic cell, (k) inter- 
cellular bleb. x 3000. 


Fig. 18—Further en- 
largement of control 
section of pretelangiec- 
tatic bovine liver 
shown in figure 16. (d) 
Endothelium, (g) ho- 
mogeneous material, 
protein, (h) intercellu- 
lar septums, (i) sinus- 
oid, (j) hepatic cells, 
(m) spherules, (n) loss 
of cytoplasmic continu- 
ity. x 3000. 
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Fig. 19 and 20—Sections (2) of pretelangiectatic cellular lesions from a bovine liver, 

showing (a) extracellular space, (B) rupture of endothelium, (b) endothelial lining, 

(c) hepatic cell, (d) sinusoid, (e) particulate in sinusoid, and (f) Kupffer’s cell. x 2700. 

Tissue fixed in aleohol-formol, embedded in nitrocellulose, and stained with Hotchkiss’ technique and 
Pollak’s trichrome. 

Fig. 21—Section (6,) of perilobular enlarged spaces in a bovine liver, showing (M) 
space of Mall, (0) central vein, (r) perilobular laminae, (n) portal lymphatics, and (p) 
bile ducts. x 100. 

Tissue fixed in formol, embedded in nitrocellulose, and stained with hematoxylin and eosin 
Fig. 22—Section of a bovine liver, showing (0) central vein with (q) extracellular 
material in the sinusoids. x 200. 

Tissue fixed in alcohol-formol, embedded in nitrocellulose, and stained with Hotchkiss’ technique and 


Pollak’s trichrome. 
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eussed as elevating the endothelium and 
passing along the lamina in an exeavated 
channel (fig. 7 to 10). However, this mate- 
rial frequently escapes from its abnormal 
position by rupture of the endothelium, re- 
leasing its contents into the sinusoid as 
shown in figure 19. Rupture of the endo- 
thelium would allow direct contact be- 
tween the hepatic cell and blood. The 
disturbed hepatic cell is evidently not ca- 
pable of withstanding direct contact with 
blood, for it is found in the sinusoid as a 
cytoplasmic mass with an extruded nucleus 
(0, fig. 9). The separated endothelium may 
expand considerably before rupturing, as 
shown in figure 20. These endothelial al- 
terations have only rarely been observed in 
the process of healing as a thickening of 
the sinusoidal lining with evidence of in- 
tercellular distortion. 

Enlargement of the intercellular space 
and the consequent separation of the endo- 
thelial lining may involve several laminae 
of a lobule to that of a multilobular condi- 
tion. Laminae-endothelial separation nar- 
rows the lumen of the sinusoids, resulting 
in a partial-to-complete stenosis. The ste- 
notice sinusoids contain relatively few 
erythrocytes in comparison to hepatic tis- 
sue not involved with intercellular distor- 
tion. It is realized in using the term ‘“‘rel- 
atively few erythrocytes’”’ that the animal 
was bled at the time of slaughter. 

Widespread separation of the sinusoidal 
lining as a lobular condition is observed as 
enlarged perilobular spaces and portal 
lymphatics, as shown in figure 21. The 
perilobular spaces of Mall, in this condi- 
tion, frequently reveal the presence of a 
few hepatic cells and glycogen particles. 
The enlarged perilobular spaces are irreg- 
ularly placed around the porial triad be- 
tween which the peripheral lobular lamina 
continues in apposition to the portal con- 
nective tissue. Figure 22 shows the central 
vein area of a pretelangiectatic lobule with 
large quantities of glycogen-containing 
fluid in the sinusoids and central vein. 
This fluid is present in the sinusoids as the 
result of rupture of the endothelium. The 
flow of fluid to the periphery of, and to- 
ward, the central vein is followed by the 
erosion of varying amounts of parenchy- 
mal elements. The erosion of a few hepatic 
cells may appear as a microscopic or intra- 
lobular lesion, as shown in figures 23 and 
24. A lesion of this size may remain as 


such or continue to expand depending 
upon the extent of pretelangiectatie in- 
volvement in the lobule. 

Erosion of hepatic cells may oceur as a 
large mass of parenchymal elements. This 
eroding miass of parenchyma appears as an 
island of hepatic cells, as shown in figure 
25. The mass or island of hepatic cells ap- 
pears as if excavating a channel in the 
lobule toward the central vein with large 
quantities of edematous fluid. Closer ob- 
servation (fig. 26) of eroding hepatic cells 
in mass reveals isolated clumps of cells in 
a transudate fluid as if forced from an 
area of higher to one of lower pressure 
(central vein). 

The flow of blood from the periphery of 
the lobule to the central vein would neces- 
sitate a higher blood pressure at the peri- 
phery of the lobule. As previously dis- 
cussed, the vascular circulation of the liver 
varies with the functional activity of the 
organ. An increase in portal pressure into 
the pretelangiectatic lesion would initiate 
the erosion of hepatic cells toward the cen- 
tral vein. Evidence to support the me- 
chanical dislodgement by blood of pretel- 
angiectatie cells is presented by figures 27 
and 28. Figure 27 shows an intralobular 
lesion similar in appearance, under low 
magnification, to those presented previ- 
ously. However, examination of the 
surrounding parenchyma reveals several 
phases of erosion. Figure 28, an enlarge- 
ment of the limiting lamina of this lesion, 
shows the presence of blood to be largely 
in the telangiectatic blood space (c). The 
surrounding parenchyma is relatively avas- 
cular and in various phases of erosion. 
Phases of erosion shown in this figure con- 
sist of separation of the hepatic cell (h) 
from its anastomosis (i) of the hepatic 
lamina (d) and the loss of hepatic cell con- 
tinuity (j) between hepatic cells (k and 
h). It will further be observed in figure 
28 that the erythrocytes surrounding the 
lesion are between two hepatic cells (q) 
and that other hepatic cells show extra- 
cellular enlargements comparable to those 
previously described. 

From the illustrations presented (fig. 27 
and 28) and other observations made in 
the course of this study, it is apparent that 
an expansive type of lesion would enlarge 
until the surrounding parenchyma would 
support the afferent blood pressure into 
the lesion. It would be expected that the 


— 


Fig. 23 and 24—Sections showing intralobular erosion of hepatic cells in a bovine liver. 
(a) Blood space, (b) separated and distorted hepatic celis, and (c) endothelial erosion. 
x 400. 


Tissues fixed in Bouin's fluid, embedded in nitrocellulose, and stained with hematoxylin and eosin 


Fig. 25 and 26—Sections (6,) of pretelangiectasis of the bovine liver with mass erosion 
of the parenchyma. (a) Transudate fluid, (b) displaced mass of hepatic cells, (c) portal 
canal, (d) normal parenchyma. x 50 and x 300, respectively. 

Tissues fixed in Bouin's fluid and embedded in nitrocellulose 
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erosion of parenchymal elements in mass 
would enable their common finding in the 
hepatic vein tributaries. This is found to 
be the case, as illustrated by figure 29 
which shows intact hepatic cells laden with 
glyeogen (a), pyknotic nuclei and cyto- 
plasmie masses (b and c), endothelial cells 
(d), and glycogen granules (e). 


THe ReticuLuM IN TELANGIECTASIS 


The use of reticulum stains in the study 
of developing telangiectatic lesions is help- 
ful in the explanation of this process. As 
mentioned previously, reticulum appears 
within the lobule as a delicate stroma of 
argentaffin fibers between the sinusoidal 
lining and the hepatic cells. The accumu- 
lation of extracellular fluid could directly 
distort the reticulum, aiding in the break- 
down of the hepatic laminae, or the reticu- 


Fig. 27 and 28—Section (6) of a bovine liver showing microscopic expansive telangiec- 


lum could be secondarily involved through 
hepatie cell necrosis. 

Detailed studies of pretelangiectatic le- 
sions by the use of reticulum stains reveal 
the delicate reticular fibers to be irregu- 
larly distorted by the extracellular mate- 
rial. Figures 30 and 31 demonstrate 
distortion of the hepatic cell in pretelangi- 
ectasis and its relationship to the reticular 
stroma. It is apparent that the reticulum 
is stretched by the extracellular accumula- 
tion, as shown by 6 in figure 30, and is 
also secondarily involved as if torn by the 
dislodgement of hepatic cells (f, fig. 31). 
Reticular fibers form a fenestrated net- 
work between the hepatic lamina and the 
endothelium. It is logical to assume that 
an extracellular accumulation that can not 
diffuse through the lining endothelium 
may pass into the sinusoid by rupture of 


tasis. x 100 and x 1000, respectively. 


(a) Surrounding parenchyma, (b) 
(e) limiting lamina of lesion showing rupture, 
cytes between hepatic 


erythrocytes, (d) 
(f) erythrocytes under distorted endothelium, 


blood space, (c) 


cells, (h) distorted hepatic cells, 


particles in blood space, 
(g) erythro- 
(j) intercellular 


glycogen 


(i) rupture of hepatic anastomosis, 


distortion, (k) hepatic cell, (m) hepatic lamina, (n) extracellular enlargement. 


Tissue fixed in Bouin's fluid, embedded 


in nitroceliulose, 
Pollak’s trichrome. 


and stained with Hotchkiss’ technique and 
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the endothelium without breaking the re- 
ticulum. However, fluids accumulated in- 
tereellularly could elevate or disturb this 
tissue’s normal continuity, thus decreasing 
the lamina support to circulating blood. 
Therefore, loosening of the reticulum may 
further increase the possibility of lamina 
displacement and erosion by the flow of 
blood through a forming lesion. 

Telangiectatie lesions stained for reticu- 
lum frequently reveal this tissue as strands 
at the periphery of the blood spaces. Fig- 
ure 32 shows an intralobular telangiectatic 
lesion in which reticulum is absent from 
the lesion proper. Enlargement of this le- 
sion (fig. 33) shows strands of reticulum 
dangling in the forming blood spaces that 
become smaller toward the central vein as 
if forming an excavation. In this figure, 
the surrounding parenchyma is normally 
arranged but in a pretelangiectatie condi- 
tion, relatively avascular with wide- 
spread endothelial separation. Thus, ero- 
sion of the hepatic cells in such a lesion 
would continue until the surrounding pa- 
renchyma is capable of supporting the cow 
of blood in the lesion. Therefore, reticulum 
studies demonstrate that this tissue is not 
primarily involved with cellular erosion in. 
the formation of telangiectasis. 


CAVERNOUS TELANGIECTASIS 

Pretelangiectatic parenchymal damage 
varies among hepatic cells and laminae; 
hence, some parenchyma will remain be- 
tween the formed blood spaces. The lam- 
inae remaining between the formed blood 
spaces appear as septums in the lesion. 
Septums present in telangiectasis may con- 
sist of one or several hepatic laminae, as 
shown in figures 1 to 4. These septums may 
further undergo breakdown due to endo- 
thelial damage. Blood present within an 
intralobular space or enlargement should 
have a slower rate of flow than if present 
in the normal sinusoidal space. A de- 
creased rate of blood flow in telangiectatic 
lesions creates a relative stasis and anoxia. 
This is observed macroscopically by the 
dark purple to red-brown color of the le- 
sion. Microscopic studies of the septums 
separating the blood spaces of telangiec- 
tasis indicate the occurrence of septal 
breakdown. 

In large telangiectatic lesions, the pres- 
ence of laked blood and various phases of 
erythrocyte disintegration can be observed. 
In these areas, the endothelium of the 
septums contains yellow-brown granules in 
the cytoplasm of these cells, as shown in 


Fig. 29— Section show- 

ing telangiectasis in the bo- 

vine liver with parenchymal 

elements in the hepatic vein. 
x 4006. 


(a) Hepatic cells in vein, (b) cyto- 
plasmic mass, (c) pyknotie hepatic 
nuclei, (d) endothelial cells (e) gly- 
cogen granules, (f) blood, lightly 
stained, (g) wall of vein, (h) hepatic 
tissue. Tissue fixed in Worcester ‘ix- 
ative, embedded in nitrocellulose, and 
stained with Hotchkiss’ technique and 
Pollack’s trichrome. 


a : 
a 

4 
a 

ui ¥ 
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Fig. 30 and 31—Sections (6) of a bovine liver with pretelangiectatic reticulum distor- 
tion. (a) Hepatic lamina, (b) extracellular space, (c) reticulum, black, (d) reticulum 
not distorted, (e) partially dislodged hepatic cells, (f) reticulum rupture, (g) dislodged 
hepatic cell, (h) extracellular blebs with distended reticulum, (i) transudate in sinus- 
oidal space. x 600. 
Tissue fixed in Zenker-formol fluid, embedded in nitrocellulose, and stained by Foot and Menard’s method 
for reticulum. 
Fig. 32—Section (6,) of intralobular telangiectasis of the bovine liver, illustrating retic- 
ular displacement. (a) Portal canal, (b) central vein, (c) blood space, (d) area which is 
shown enlarged in figure 33, (e) darker staining hepatic cells at periphery of the lesion. 
x 100. 
Tissue fixed in Zenker-formol fluid, embedded in nitrocellulose, and stained with Foot and Menard’s method 
for reticulum and hematoxylin and eosin. 
Fig. 33—Enlargement of area “‘d” in figure 32, showing (c) blood space, (f) excavation 
toward central vein, (g) frayed reticulum, black, and (h) eroding hepatic cells. x 400. 
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Fig. 34 and 35—Sections (4) of bovine liver with telangiectasis, showing breakdown of 
laminae septums between blood-filled spaces. (a) Septum, (b) endothelium containing 
granules, (c) disintegrating hepatic cell with erythrocytes and granules, (d) break in 

septum, (e) erythrocytes in blood space, (1) and (2) blood spaces. x 1200. 

Tissue fixed in Bouin's fluid, embedded in nitrocellulose, and stained with hematoxylin and eosin 
Fig. 36—Section (6) of a bovine liver containing fat, showing hepatic cellular erosion. 
(a) Blood space, (b) surrounding parenchyma, (c) portal canal, (d) area which is shown 
enlarged in figure 37, (e) small blood space, (f) stromal tissue, beginning to displace. 

x 100. 


Tissue fixed in Zenker-formol fluid, embedded in nitrocellulose, and stained with Foot and Menard’s method 
and hematoxylin and eosin. 


Fig. 37—Enlargement of area “d” in figure 36, showing (a) blood space, (e) small blood 
space, (f) stromal tissue beginning to displace, (g) frayed reticulum, and (h) nonfat 
extracellular material. x 600. 
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figure 34, b. In this figure, the hepatie cell 
septum (a) reveals an area in the process 
of breaking (c) to allow communication of 
one blood space with another. A complete 
break in the hepatic septum is shown in 
figure 35, where the endothelial granules 
(b) can be seen together with erythrocytes 
(e) as if passing from one blood space (1) 
into another (2). The granules in the en- 
dothelial cells of the septums stain yellow 
to dark brown with hematoxylin and eosin. 
The presence of these granules in relation 
to the surrounding blood space suggests 
them to be pigmentary granules from 
erythrocyte hemolysis. 


Fat ACCUMULATION IN RELATION TO 
TELANGIECTASIS 


It does not appear that fat accumula- 
tions in the liver can be correlated with 
telangiectasis. It is the writer’s impression 
that fewer telangiectatic lesions are found 
in fatty livers. By the use of the osmic 
acid method for staining fat, most telangi- 
ectatic lesions in fatty livers are found 


fully formed rather than in early stages of 
may 


development. Cellular erosion con- 


Fig. 38 and 39—Sections (8,) of multilobular telangiectasis of a bovine liver, showing 


tinue in livers containing fat, as demon- 
strated by figures 36 and 37. Reticulum 
stain has been employed in these figures to 
show an irregular channel of blood spaces 
(a) from a portal canal (c) which contin- 
ues into smaller blood spaces (e) as an ex- 
cavation in the parenchyma. The paren- 
chyma surrounding this lesion (b, fig. 36) 
contains varying quantities of fat indi- 
cated by vacuoles, as this material is dis- 
solved in the preparation of the section. 
The fatty material present is intracellular. 
Also, the tissue (f, fig. 36) surrounding 
the blood space (a) shows expansion of the 
lesion. Closer examination of this lesion 
(fig. 37) reveals tearing and fraying of the 
reticulum (g) in a break of the hepatic 
lamina. Extracellular material (fh, fig. 37) 
can be seen separating the reticulum from 
the hepatic lamina. 

In this study of several thousand telan- 
giectatic lesions, the presence of fat drop- 
lets was considered secondary to the break- 
down of hepatic tissue resulting from a 
primary distortion caused by the extra- 
cellular accumulation of glycogen-contain- 
ing fluid. The liver is in a dynamic rather 


(a) lamina septum, (b) balloon-shaped hepatic cell lining, (c) portal canal, and (d) 
blood spaces. x 50 and x 100, respectively. 
Tissue fixed in Bouin's fluid, embedded in nitrocellulose, and stained with hematoxylin and eosin. 
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than in a static state of activity. Bailey ** 
states, ‘‘The amount of fat which may be 
demonstrated in the hepatie cells varies in- 
versely with the amount of glycogen.’’ The 
use of the osmic acid method in pretelangi- 
ectatic lesions repeatedly reveals the ab- 
sence of fatty material in extracellular dis- 
tortion. Also, if lobular comparison is 
made by this method and by Sudan IV, 
pretelangiectatic lobules consistently re- 
veal less fat than adjacent nonpretelangi- 
ectatic lobules. Getty ** found no correla- 
tion between the deposition of glycogen 
and fat with telangiectasis and concluded 
that the metabolic processes of the hepatic 
cells are not impaired in this condition. 
This is also in agreement with the studies 
of Paveek, Herbst, and Elvehjem ** who 
found insignificant variations in fat con- 
tent between normal and telangiectatic liv- 
ers. In view of the discussion of telangiec- 
tasis presented, a chemical analysis of the 
liver would have value only if made 
during the pretelangiectatic phase of de- 
velopment. 


LEUKOCYTES IN TELANGIECTASIS 

Throughout this discussion, the presence 
of leukocytes in a forming or well-devel- 
oped lesion has not been mentioned. Many 
telangiectatic lesions show only a few 
mononuclear cells (fig. 38 and 39). In 
view of the parenchymal damage necessary 
to form a lesion of this size, one would per- 
haps expect leukocytes to be present in 
large numbers. However, the presence of 
leukocytes in telangiectatic lesions is by no 
means constant. The blood spaces (d) of 
figure 35 show the presence of lymphocytes 
and other mononuclear cells, pyknotie he- 
patic nuclei, and parenchymal elements 
quite uniformly distributed throughout 
the lesion. In figure 39, a large telangiec- 
tatic blood space (d) is shown containing 
blood and a few leukocytes. 

The appearance of large numbers of 
lymphocytes and macrophages in develop- 
ing and formed lesions is quite unusual. 
The mononuclear cells found in telangiec- 
tasis are similar to the lymphoid wander- 
ing cells described by Maximow.® Occa- 
sionally, polymorphonuclear leukocytes are 
observed in large numbers, and their pres- 
ence in well-developed lesions presumably 
represents a secondary entity as a focal 
hepatitis. 


MICROBIOLOGICAL STUDIES IN 
RELATION TO TELANGIECTASIS 


Histopathological Gescriptions report the 
presence of leukocytes and necrosis of he- 
patie cells,?® both of which could indicate 
that an infective organism is the causative 
agent of telangiectasis. Earlier in this 
study, data were presented to show that 
heifers and steers in the feedlot under 
crowded conditions showed a high inci- 
dence (68.8 % and 73.3 %) of telangiecta- 
sis which could indicate an infectious 
agent. In meat inspection, only the se- 
verely affected telangiectatic livers are 
condemned, since it is presumed that this 
condition is a noninfective lesion. As 
Thornton states,*® ‘‘The only justification 
for the condemnation of a liver affected 
with telangiectasis is that it may be un- 
marketable and, though severely affected 
livers must be condemned, those which are 
slightly affected may be passed for food.’’ 
This is of interest if we consider the pres- 
ence of an infective agent as a reason for 
the condemnation of food for human con- 
sumption. Therefore, an attempt was made 
to obtain information regarding the pos- 
sible relationship of a living disease agent 
to the pathogenesis of telangiectasis. 

Material and Methods.—Telangiectatie livers 
were removed directly from the carcasses immedi- 
ately following evisceration. The organ was han- 
dled so as to avoid contaminating its surfaces, 
and telangiectatic areas were removed with a 
sterile knife. A macroscopic examination was 
made in an attempt to include pretelangiectatic 
areas. Selected pretelangiectatic liver areas were 
placed in sterile containers and brought direetly 
to the laboratory. Those livers used for study 
were verified by microscopic examination to be 
pretelangiectatic. Tissue for study was obtained 
by searing the liver surface and dissecting out the 
lesions aseptically. Pieces of tissue were ground 
in TenBroeck tissue macerators. The macerated 
tissues were inoculated directly into eulture me 
diums or diluted with saline solution to a 20 per 
cent suspension and centrifuged three minutes at 
1,000 r.p.m. to remove heavier particles before 
animal inoculations. 

Mediums were selected with the intent of eulti- 
vating any fungi or bacteria of varying oxygen 
requirements that might be present in the lesions. 
The following mediums were inoculated with 1 
loopful of the macerated tissue :” 

tryptose broth 

tryptose agar 

blood agar (incubated aerobically and anaero- 
bically ) 

Sabouraud’s liquid medium 
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fluid thioglycolate medium 
meat piece medium (preheated). 


The cultures were incubated at 37 C., except for 
the Sabouraud’s dextrose agar which was held at 
room temperature. The mediums were repeatedly 
examined for evidence of growth for ten days, 
after which they were disearded. Four livers were 
thus examined with at least two lesions from each 
liver subjected to analysis. All substrates exam- 
ined from inoculated lesions were uniformly nega- 
tive to cultural results. 

The 20 per cent pretelangiectatic liver suspen- 
sion in saline solution (material from different 
livers pooled) was inoculated parenterally into 6, 
4-month-old rabbits as follows: 


1—3.0 ml. intravenously (ear vein) 

2—1.5 ml. intravenously (ear vein) 

3—3.0 ml. intramuscularly 

4—1.5 ml. intramuscularly and 1.5 ml. intra- 
peritoneally 

5—3.0 ml. intraperitoneally 

6—1.5 ml. subcutaneously at two sites. 


The rabbits were observed for fourteen days, 
during which no apparent signs of infection were 
observed. On the fifteenth day after inoculation, 
the rabbits were killed by cerebral trauma for 
necropsy. All organs were examined grossly, and 
microscopic examinations were made of the lungs, 
liver, kidney, and spleen. These tissues showed no 
lesions with the use of hematoxylin and eosin 
stains. 

Chorioallantoie-membrane inoculations of pre- 
telangiectatic material were made on 10-day-old 
chicken embryos to explore the possibility of viral 
etiology.§ A composite sample obtained from 
three pretelangiectatic livers was ground asepti- 
cally to make up a 1:10° suspension in fresh, 
beef heart infusion broth. The suspension 
filtered through a Seitz filter to eliminate possible 
bacterial contamination. The inoculated eggs were 
incubated at 37C. for four days and harvested. 
Six further blind passages of pooled harvested 
chorioallantoic membranes were inoculated in the 
same manner. A minimum of 12 eggs were used 


was 


in each passage. No mortality or significant 
lesions were observed on the chorioallantoic 
membranes. 


The application of various bacteriologi- 
cal stains to sections and smears of telangi- 
ectatic lesions as previously reported by 
the author did not reveal infective organ- 
isms in these lesions.*! 

These studies attempting to isolate an 
infective agent in pretelangiectatic and 
telangiectatie lesions have failed to demon- 
strate an infective agent in the telangiec- 
tatic livers examined. Therefore, this 
lesion is presumed to be caused by nonin- 
fective etiological factors. 

§ Mr. Joseph Saito, microbiology technician, performed 
the embryonating egg studies. 


Tue Fate or TELANGIECTASIS 


The fate of telangiectasis may include 
development of focal hepatitis, replace- 
ment by mesenchymal tissue, or repair by 
hepatie cell proliferation. The lesion may 
retain its typical appearance for a period 
of time with an intact endothelial lining. 
The presence of mast cells about the lesion, 
as previously reported,”* may aid in main- 
taining the flood of blood. The presence of 
collagenous connective tissue, representing 
a stage of repair, in previously existing 
telangiectasis has been infrequently ob- 
served in these studies. The presence of 
collagenous connective tissue in the repair 
of telangiectasis is described by Cohrs * 
and Julian.*® The rar ty of parenchymal 
regeneration probably is dependent upon 
the extensive reticular damage occurring 
in telangiectasis. Himsworth ** reports he- 
patie cell regeneration to be dependent in 
part upon the integrity of the reticulum. 
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The Pathogenesis of Telangiectasis in the Bovine Liver 
ill. Experimental Telangiectasis 
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THis stupy has been undertaken in the 
attempt to gain some information on how 
the digestion of food could be related to 
the primary cause of telangiectasis. Such 
a possibility has been reviewed and sug- 
gested by Getty;' however, he does not 
elaborate further on the subject. 

As previously discussed, the incidence of 
telangiectasis is lower in calves than in 
cattle placed in the feedlot. Also, range 
cattle have a lower incidence of this condi- 
tion than is found in calves in feedlots. 
These data suggest that the quantity or 
the quality of food ingested by the animal 
might be related in some manner, direct or 
indirect, to the development of these le- 
sions. The ingestion of, large quantities of 
food and the storage of, large quantities of 
glycogen by hepatic cells favor the possi- 
bility of this condition being caused by a 
metabolic disturbance. It is generally 
known that a healthy animal, especially a 
herbivore, presented with an unaccus- 
tomed amount of palatable food is subject 
to such digestive disturbances as diarrhea, 
constipation, or tympanites (bloat). How- 
ever, telangiectasis is asymptomatic and a 
subclinical syndrome has not been re- 
ported. Evidently the causative factor 
for telangiectasis does not influence the 
amount of food consumed by affected ani- 
mals. Jensen et al.*? reported a constant in- 
crease in the food consumed by cattle in 
feedlots until the sixty-seventh day, with 
telangiectasis largely occurring before this 
time. 

Asymptomatic telangiectasis could be re- 
lated to a toxie product formed during the 
digestion of food. It could be assumed that 
the more food ingested by the animal, the 
greater the formation of toxic material 
from the digested or fermented foods. 
Such a toxic substance would necessarily 
have to cause hepatic damage without pro- 
ducing observable symptoms. 

From the School of Veterinary Medicine, University of 
California, Davis. This paper war submitted in partial 
satisfaction of the requirements for the Ph.D. degree. 
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Another factor worthy of mention is the 
marked rise in incidence of telangiectasis 
found in steers placed in the feedlot for 
thirty days (graph 2 in Am. J. Vet. Res., 
16, |Jan., 1955]: 27-34). This indicates 
that lesions develop within a thirty-day 
period. While these data were being ac- 
cumulated (table 2 in Am. J. Vet. Res., 16, 
[Jan., 1955]: 27-34), it was noticed that 
telangiectatic lesions tended to be larger in 
animals remaining in the feedlot for a 
longer period of time (60 to 80 days). Al- 
though actual data in respect to the le- 
sions’ size were not tabulated, a similar 
trend toward the formation of larger le- 
sions appears in older animals. This is ex- 
emplified by the common finding of so- 
called cavernous telangiectatic lesions in 
the livers of old cows. If a toxic substance 
from the digestive tract is to be incrimi- 
nated, these findings would suggest a slow 
absorption over an extended period of 
time. 

During the earlier part of this study, 
several dietary rations were fed to rabbits. 
The dietary studies included a 24- to 36- 
hour starvation period, followed by the 
feeding of various foods for ten to four- 
teen days. This idea was based on the 
practice of shipping cattle from the range 
into the feedlot where the animals would 
receive a high nutritional diet. Such feeds 
as rolled barley soaked in betaine and 
dried, as well as variations in the protein 
and in the carbohydrate content of diets, 
were tried unsuccessfully. The time re- 
quired and the failure to obtain results in 
this type of experiment stimulated a more 
direct approach to the problem. 

Such an approach was made by inject- 
ing a substance into the ear vein of rabbits 
and removing the liver in one hour for 
histological study. The quantity and 
concentration of injected substances were 
varied as to the hepatic effects. Such sub- 
stances as histamine (0.001 % to 0.01 %) 
and choline (0.001 % to 0.01 %) were each 
administered in 100 ml. of 10 per cent glu- 
cose. Varying concentrations of glucose, 
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from 5 to 50 per cent, were injected sys- 
temically in 100- to 200-ml. doses following 
a 24-hour period of starvation. The results 
of injecting these substances could not be 
correlated with telangiectasis, for the sys- 
temic effect was greater than the hepatic 
effect. For instance, the injection of hy- 
pertonic solutions of glucose (25 to 50 %) 
in large amounts (200 ml.) resulted in a 
diuretic effect followed by liver damage. 
The liver damage observed with glucose 
did not resemble a pretelangiectatic con- 
dition, for the release of polysaccharides 
from the hepatic cells could only be ob- 
tained by rupture of the cells. Also, the 
continuous injection of a lower concentra- 
tion of glucose (10 %) for one hour (200 
to 300 ml.) did not result in extensive he- 
patic damage but in a continuous flow of 
urine. Therefore, a portal vein technique 
was developed that allowed the administra- 
tion of a suspected substance and a means 
for observing the possible development of 
symptoms. 


MATERIALS AND METHODS 


Healthy rabbits, aged 4 to 6 months, 
were given spinal anesthesia. The animal 
was held in the sitting position and 1.5 to 
2.0 ml. of 3 per cent procaine hydrochlo- 
ride were given epidurally at the lumbo- 
sacral articulation. No systemic symptoms 
were observed when the anesthetic was ad- 
ministered properly, and complete immo- 
bility was obtained caudal to the thorax 
lasting about one hour. The anesthetized 
animal was secured to the table in dorsal 
recumbency with legs extended, and the 
right abdominal wall was reflected in win- 
dow fashion to expose the portal vein at 
the hilus of the liver. A 22-gauge hypo- 
dermic needle was inserted and ligated to 
the wall of the portal vein. The abdominal 
viscera were then replaced, and the in- 
jected material was given at a constant 
rate and pressure. 

The injection equipment consisted of 
two stop-cock funnels leading into a T tube 
from which a drop spacer projected. A 
rubber tube extended from the drop spacer 
to the table, where a vertical glass tube 
was attached as a saline manometer. From 
the manometer, a short section of rubber 
hose extended to the hypodermic needle. 
Sixty-five rabbits were injected via the 
portal vein. All injections were adminis- 
tered at the rate of 1 drop per second with 


a pressure between 20 to 25 em. of fluid in 
the manometer tube. This rate of flow al- 
lowed approximately twenty minutes for 
100 ml. of fluid to be perfused through the 
organ. Following the liver perfusion, the 
animals were observed for thirty minutes 
to detect any systemic effects, such as a 
change in respiration and heart rate and 
any observable nervous reaction. The ani- 
mals were slaughtered by severing the mes- 
enteric vessels to simulate the exsanguina- 
tion methods employed in abattoirs. One 
piece of tissue was removed from each of 
the four larger lobes of the liver and 
placed in aleohol-formol fixative. All tis- 
sues were embedded in nitrocellulose and 
stained by hematoxylin and eosin or by the 
Hotchkiss technique for polysaccharides. 
The tissues were examined histologically 
for pretelangiectasis and, based upon its 
absence or presence, the injected com- 
pound was rejected or considered for fur- 
ther study. Control histological studies 
were made by the perfusion of 100 ml. of 
saline solution, 5, 10, 25, and 50 per cent 
glucose. Sterile, 10 per cent glucose solu- 
tion was used as the vehicle for the various 
compounds employed in studying their 
histological effects on the liver. 

On the assumption that some compound 
might be absorbed from the gut into the 
portal circulation causing a pretelangiec- 
tatie condition, the contents of the bovine 
digestive tract were first perfused through 
the liver. Contents were obtained from the 
rumen and from the small intestine of an 
animal whose liver showed marked telangi- 
ectasis. The digestive contents were centri- 
fuged to remove the coarser particles, after 
which the liquid portions were passed 
through Seitz filters. One hundred milli- 
liters of each of these filtrates were per- 
fused by portal injection into a rabbit. No 
systemic reactions were observed. The ru- 
men-content perfusion resulted in a mild 
peripherolobular pretelangiectatic condi- 
tion. However, more marked results were 
obtained from the intestinal filtrate. Dur- 
ing the perfusion of this filtrate, the liver 
showed congestion, and a marked pretelan- 
giectatic condition was recognized histo- 
logically. This consisted of widespread 
endothelial separation from the hepatic 
laminae and the formation of microscopic 
blood-filled spaces one to three hepatic cells 
in size. 

Liver perfusion of intestinal filtrate en- 
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couraged the search for a substance in this 
filtrate that might presumably induce a 
pretelangiectatic condition. A filtrate of 
this type would contain numerous com- 
pounds, the isolation of which would en- 
tail extensive chemical analysis; therefore, 
a series of rabbit experiments was made, 
using substances likely to occur in the ru- 
men contents. These substances included 
choline, histamine, alcohols, and soluble 
gases. Each compound was administered 
by portal vein in 100 to 200 ml. of a 10 per 
cent glucose solution. Although numerous 
experiments were performed with varying 
doses of histamine (0.001 to 0.01%), no 
histological changes comparable to pretel- 
angiectasis could be obtained. Choline was 
likewise used in concentrations similar to 
that of histamine without results. No 
shock or systemic reactions were observed. 
The alcoholic compounds administered in- 
cluded methanol, ethanol, butanol, and iso- 
propanol. Perfusion of 200 ml. of these 
compounds at 1 per cent concentration re- 
sulted in endothelial distortion with meth- 
anol, hepatic cytoplasmic swelling with 
ethanol and butanol, and sinusoidal con- 
gestion with isopropyl alcohol. Of the al- 
coholic series, methanol and isopropyl] alco- 
hol were somewhat encouraging. However, 
the concentration of these alcohols neces- 
sary to cause a histological reaction also 
caused a systemic reaction characterized 
by blindness or incoordination. 

Large quantities of gases are known to 
occur in the rumen of cattle, of which 
methane and hydrogen sulfide are the most 
common. Dougherty * reported the pres- 
ence of varying amounts of hydrogen sul- 
fide in the rumen of bloated cattle. A 10 
per cent glucose solution was saturated 
with methane from a natural gas source 
and another 10 per cent glucose solution 
was used to which 2 per cent isopropyl 
alcohol had been added. Liver perfusions 
with methane-saturated solutions did not 
produce pretelangiectatic lesions. The use 
of hydrogen sulfide brought interesting re- 
sults. A 10 per cent glucose solution 
through which hydrogen sulfide had bub- 
bled for twelve hours resulted in the death 
of the rabbit when 20 ml. were adminis- 
tered by portal vein. Death was character- 
ized by sudden apnea and loss of con- 
sciousness with a delayed cessation of the 
heart beat. The liver, on necropsy, ap- 
peared dark gray, showing extensive he- 


patic distortion on histological examina- 
tion. This entire involvement of the liver 
appeared similar histologically to the mul- 
tilobular lesion shown in figure 6 (see part 
II, p. 219. 

The histological results obtained with 
hydrogen sulfide, and the identification of 
this substance by lead acetate paper in the 
intestinal tract of an animal showing tei- 
angiectasis, suggested the use of diluted 
solutions. Two dilutions were made from a 
water solution prepared by bubbling hy- 
drogen sulfide into distilled water for 
twelve hours. The first dilution, 10 ml. of 
saturated H.S to 90 ml. of 10 per cent glu- 
cose, resulted in a peripherolobular pretel- 
angiectasis without producing symptoms. 
The second dilution of double concentra- 
tion, 20 ml. of saturated H.S to 80 ml. of 
glucose, resulted in a multilobular pretel- 
angiectasis with no observable symptoms. 
These diluted hydrogen sulfide solutions 
were repeated in the same manner with 
comparable results. 

The pretelangiectatic condition observed 
by rabbit perfusion of 20 ml. of saturated 
hydrogen sulfide to 80 ml. of 10 per cent 
glucose was comparable morphologically to 
that shown in figures 23 and 24 (see part 
II, p. 228). Histologically, the lesions pro- 
duced by this solution showed endothelial 
separation from the hepatic laminae, with 
glycogen and protein particles in the sep- 
arated space and evidence of hepatic cell 
erosion. Further investigation was not 
made, although the results of these experi- 
ments warrant the continuation of oral 
and other procedures with varying doses 
of hydrogen sulfide over a period of days. 


SUMMARY 


Hydrogen sulfide absorbed in small 
amounts from the digestive tract of cattle 
over a period of time is suggested as an 
exciting etiological agent producing telan- 
giectasis. The possibility of other com- 
pounds increasing the effects of hydrogen 
sulfide should also be taken into consid- 
eration. 
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The Pathogenesis of Telangiectasis in the Bovine Liver 
IV. Discussion and Summary 


A. C. ANDERSEN, V.M.D., Ph.D. 


Davis, California 


AS sTATED in the introduction of this 
series, telangiectasis is of great economic 
importance to the meat industry due to 
the condemnation of livers for esthetic rea- 
sons; however, it is of no known clinical 
significance. It may possibly predispose 
the liver to a more important secondary 


condition or result in some functional 
insufficiency if the organ is severely 
involved. 

The incidence of telangiectasis was 


found to be 61.8 per cent in the livers ex- 
amined in this study. The lesions observed 
did not occur consistently in any anatom- 
ical region of the organ but were found in 
local areas or throughout the liver. Be- 
eause of the variation in the number of 
lesions found in an affected organ, the re- 
corded data were tabulated as to four de- 
grees of severity—in relation to the sex, 
age, or condition of the animals, and the 
disposition of the liver. Sex variation in 
these animals could not be correlated with 
the incidence of this condition, as heifers 
and steers placed in the feedlot showed a 
comparable degree of involvement. How- 
ever, a definite correlation could be made 
between age and conditions occurring in 
the feedlot. Calves showed a rise from 0 
per cent to 41.9 per cent when placed in 
the feedlot and steers a rise from 31.9 per 
cent to 74.3 per cent. If comparison is 
made between calves and steers, a compar- 
able rise but a lower incidence of telangi- 
ectasis occurred in the calves. This lower 
incidence in calves placed in the feedlot 
might be explained by the immature devel- 
opment of the forestomachs at this early 
age. As described by Dukes,’ the ruminant 
stomach gradually develops after the 
fourth month of life to become fully 
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formed when the animal is approximately 
114 years of age. 

The change which occurs when animals 
are placed in feedlots consists of confined 
quarters and the availability of palatable 
feed. Close confining of animals under 
such conditions favors the spread of an 
infectious disease. The possibility of an 
infective microorganism associated with 
telangiectasis has been explored. Routine 
methods for the isolation of fungi, bacte- 
ria, and viruses have failed to demonstrate 
the presence of these organisms in the 
formed as well as the developing lesion. 
Therefore, the possibility of a condition 
associated with feeding animals for pro- 
duction has been studied with interest. 

Weight gains are increased in beef cat- 
tle by feeding a ration with a high ratio of 
grain to roughage. Likewise, maximum 
production in the dairy cow is obtained by 
increasing the amount and quality of the 
feed. Caretakers are alert for symptoms 
that might arise from increased feeding, 
but telangiectasis being asymptomatic is 
never identified except on necropsy. A 
number of digestive disturbances could be 
involved in the formation of an asympto- 
matic condition. Therefore, this study has 
been undertaken to attempt an explanation 
for the common finding of this lesion in 
the bovine liver. 

The slaughter of cattle during the most 
marked rise in incidence of telangiectasis 
has provided material for the study of the 
lesion in the process of development. The 
phases of its development include a series 
of events termed pretelangiectasis. The 
earliest observed alteration in pretelangi- 
ectasis is the extracellular accumulation of 
glycogen. This appears as a globular mass 
of glycogen between the hepatic cell and 


the endothelium lining the sinusoid. Be- 
sides the identification of glycogen, to- 


gether with a protein fraction in this ex- 
tracellular mass, a nonstaining and, hence, 
unidentifiable fraction occurs. The aecu- 
mulation of this fluid results in the separa- 
tion of the endothelium from the hepatic 


7 


Am. J. Ver. REs. 
APRIL 1955 


TELANGIECTASIS IN THE Bovine Liver. IV 


241 


cells. This may involve single hepatic cells 
or several laminae or lobules. 

It is generally accepted that glycogen is 
normally stored intracellularly and_ its 
presence extracellularly in detectable 
amounts is regarded as abnormal. Glyco- 
gen is a large molecular carbohydrate in 
the form of colloidal solution,’ the storage 
of which is in a dynamie state. Hepatic 
cells capable of storing glycogen would be 
regarded as healthy cells with properly 
functioning enzyme systems. The manner 
by which this colloid accumulates extra- 
cellularly to initiate a series of events in 
the development of telangiectasis ean only 
be assumed. The question arises as to 
whether the hepatic cell or the endothe- 
lium is affected primarily to account for 
the extracellular accumulation of this ma- 
terial. A direct hepatic cell involvement 
might be explained by damage to the eyto- 
plasmie membrane resulting in the cellular 
extrusion of glycogen. The large molecules 
of extruded glycogen might be unable to 
diffuse through the endothelium lining the 
sinusoids resulting in its accumulation. A 
direct endothelial damage could increase 
the permeability of this membrane to allow 
the passage of plasma fluids into the inter- 
cellular space. The presence of plasma 
protein fluids between the hepatic cell and 
the endothelium would inerease the os- 
motie pressure of the fluid, with the conse- 
quent movement of the hepatic cellular 
fluids extracellularly until an equilibrium 
is established. In the author’s opinion, a 
direct hepatic cellular membrane involve- 
ment results in the cellular extrusion of 
glycogen. This view is based on the com- 
mon finding of glycogen extracellularly 
without apparent endothelial damage as 
shown in figures 7 and 8.* 

The presence of an abnormal colloidal 
solution extracellularly (glycogen and pro- 
tein) might further cause the accumula- 
tion of water in this region. The property 
of colloids to attract water is described by 
Everett * as the result of an oncotic pres- 
sure. This foree of attracting water by a 
colloid could dilute the extracellular mate- 
rial, resulting in a variation in the viscos- 
ity of this accumulated substance. A mech- 
anism of this type must occur, because the 
coneentration of glycogen extracellularly 


* All figures referred to in this part (IV) of the 
series on telangiectasis are published with part II (pp. 
217 to 236 of this issue). 


does not appear to correspond with the ex- 
tent of endothelial separation as shown in 
figures 19 and 20. 

Apparently the amount of glycogen, and 
its viscosity present extracellularly, results 
in a cellular to a laminar separation of the 
endothelium. A viscid colloid, not capable 
oi passing along the space of Disse, which 
separates the sinusoids from the hepatic 
cells, results in the formation of a cellular 
bleb. The less viscid colloid may pass by 
the space of Disse, causing further separa- 
tion of the endothelium along the hepatic 
lamina. This passage of glycogen along the 
hepatic lamina has been described as form- 
ing an irregular intercellular excavation, 
as shown in figure 10 (s). Therefore, two 
possibilities for the escape of extracellular 
glycogen have been observed, namely, (1) 
the rupture of a cellular bleb releasing its 
contents into the sinusoid or (2) its pas- 
sage along the hepatic lamina by the space 
of Disse. 

Pretelangiectatic separation of the endo- 
thelium from the hepatic lamina may occur 
as a cellular or lobular condition. The 
separation of the endothelium is also asso- 
ciated with distortion of the reticulum and 
intercellular cementum. This distortion of 
the hepatic parenchyma creates a strue- 
ture that is vulnerable to alterations by 
the flow of blood through the- affected 
lobule. It has been shown by Wakin and 
Mann that the hepatic flow of blood is 
intermittent. These authors describe the 
flow of blood to be irregular in the sinus- 
oids of the same lobule and in groups of 
lobules. 

Cellular pretelangiectasis resulting in 
endothelial rupture allows direct contact 
between blood flowing in the sinusoids and 
the affected hepatic cells. The damaged in- 
tercellular supportive structures are evi- 
dently not adequate to withstand the di- 
rect forces of the blood because the erosion 
of hepatic cells follows. A schematic rep- 
resentation of this process is shown in di- 
agram 1. Eroded hepatic cells are seen in 
the sinusoid as a cytoplasmic mass with an 
extruded nucleus. The resulting break in 
the hepatic lamina permits an abnormal 
transverse flow of blood between adjacent 
sinusoids that may be followed by further 
lamina displacement. If only one to a few 
hepatic cells erode, the space formed and 
oceupied by blood results in a small telan- 
giectatie lesion. Although lesions of this 
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Diagram 1—Schematic representation of the erosion of hepatic cells in a pretelangiec- 
tatic liver. 


size have been observed, a more extensive 
involvement generally occurs. 
Pretelangiectasis involving several he- 
patic cells or laminae would be followed by 
the erosion and dislodgement of the af- 
fected parenchyma. Irregularly eroded 
hepatic cells of a lamina would isolate in- 
tervening normal hepatic cells, causing 
their dislodgement into the circulating 
blood. The erosion of one or more hepatic 
cells and neighboring hepatic parenchyma 
distorted by the flow of glycogen along the 
space of Disse would also contribute to 
further laminar displacement. The erosion 
of hepatic laminae continues until the sur- 
rounding parenchyma will support the 
flow of blood in the newly formed space. 
The surrounding intact laminae are 
pushed by the blood toward the normal 
surrounding parenchyma. This ballooning 
effect (fig. 1 and 2) of the limiting lam- 
inae is due to the lateral force of blood 
flowing into the enlarged space formed by 
eroded hepatic cells. The increased volume 
of blood necessary to fill this space is in- 
terrupted in its flow because of the narrow 
exit of the space formed by the normal 


parenchyma beyond the affected area. This 
interrupted flow of blood exerts an in- 
creased lateral force on the immediate sur- 
rounding laminae which are then stretched 
and pushed toward the normal paren- 
chyma. The stretched laminae may un- 
dergo hepatic degeneration due to pressure 
atrophy, resulting in the appearance of 
endothelial strands surrounding the lesion 
(fig. 2). In this manner the commonly de- 
seribed continuous endothelial lining of 
the telangiectatic lesion is formed.'*** 
Massive erosion of hepatic parenchyma 
occurs when pretelangiectasis involves a 
lobular to multilobular area of the liver. 
Areas of this size appear in sections as 
widespread endothelial separation due to 
the accumulation of extracellular glyco- 
gen-containing fluid. Separation of the en- 
dothelium from the hepatic cells narrows 
the lumen of the sinusoids to a partial or 
complete stenosis. Stenosis of the sinusoids 
results in a relatively avascular condition 
and anoxia. Anoxia in a pretelangiectatic 
area could increase the permeability of the 
endothelium, allowing the passage of more 
fluids into the intercellular space, or it 
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Diagram 2—Schematic representation of the erosion of hepatic cells in lobular pre- 
telangiectasis of the liver. 
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could affect the viability of the hepatic 
cells, thus continuing the erosive cycle. 

The accumulation of intercellular fluids 
between the hepatic cells and the endothe- 
lium causes disruption of the parenchymal 
elements. As previously described, this dis- 
ruption consists of intercellular distortion 
of the hepatic cementum, reticulum, and 
endothelium. The separated endothelium 
may remain intact along the hepatic lam- 
inae or it may rupture, releasing the inter- 
cellular fluid in the sinusoid, as illustrated 
by arrow in diagram 2. 

The establishment of blood flow into 
such a pretelangiectatic area results in the 
erosion of a variable number of hepatic 
cells. This erosion may appear as an island 
of hepatic cells moving within the lobule 
toward the central vein (fig. 25 and 26). 
The initiating force causing this erosion of 
hepatic cells is dependent upon the estab- 
lishment of blood flow into the affected 
area. As previously mentioned, this flow 
of blood is intermittent, and the laminae 
between eroded areas that are capable of 
withstanding it remain as laminar septums 
in the lesion. These laminae-separating 
blood spaces of varying size may remain as 
such or may further break down to allow 
coalescence of one blood space with an- 
other. The breakdown of laminar septums 
results from a stasis of blood flow in the 
lesion due to an increased volume but de- 
creased flow of blood. Those laminae re- 
maining between the blood spaces give a 
cavernous appearance to the telangiectatic 
lesion. Therefore, the ultimate size of a 
multilobular telangiectatic lesion would 
depend, as in the intralobular lesion, upon 
the ability of the surrounding parenchyma 
to support the established flow of blood 
inte the affected area. 

In this discussion, the formation of tel- 
angiectasis is morphologically concerned 
with the accumulation of extracellular gly- 
cogen. The parenchymal distortion and 
erosion of the hepatic cells that follows op- 
poses the concept of primary hepatic cellu- 
lar necrosis, as originally described by 
Jaeger.° The concept of hepatic necrosis is 
also suggested by Cohrs,'’ Robinson et al.,'° 
and Julian.’* Julian describes the consis- 
tent finding of neerotie hepatic cells and a 
peculiar swollen cell degeneration contrib- 
uting to the breakdown of hepatic paren- 
chyma but he was unable to identify the 
cause of this cellular swelling. 


The mechanical erosion of pretelangiec- 
tatic parenchyma by the flow of blood into 
the area explains the loss of hepatic cells 
without the attraction of leukocytes. The 
erosion of hepatic cells by a normal blood- 
flow mechanism opposes the concept re- 
lated by several authors. Getty * deseribes 
the primary stage of telangiectasis as a 
focal hepatitis recognized by distended si- 
nusoids engorged with blood. Jensen et 
al.’° suggest the ocelusion of sinusoids by 
emboli, resulting in the appearance of tel- 
angiectasis as a hemorrhagic infaret. The 
extensive review of Cohrs*’ emphasizes a 
mechanical means for the formation of 
telangiectasis. This author discards two 
proposed theories of developmental embry- 
onic failure and a neurogenic theory, but 
favors that of a disturbed circulatory 
mechanism of splenic origin due to tym- 
panites or pregnancy pressure. A cireula- 
tory theory of this type could not explain 
the decrease in incidence of telangiectasis 
with pregnancy (graph 1 in Am. J. Vet. 
Res., 16, |Jan., 1955): 27-34) observed in 
this study. If tympanites were involved in 
the formation of telangiectasis, it would be 
logical to assume that the amount of food 
consumed and the consequent gain in 
weight of the animals would decrease as 
the incidence of telangiectasis increased. 
However, this does net occur, as was found 
in this study when cattle were placed in 
the feedlot. A comparison between the 
steers comprising groups I and II (part I 
in Am. J. Vet. Res., 16, {[Jan., 1955]: 27- 
34) shows that both the incidence of telan- 
giectasis and weight gained were highest 
in group Ii. 

The idea of a digestive disturbance as 
related to the formation of telangiectasis 
has been suggested and reviewed by 
Getty.*° However, this author does not 
offer any additional information as to the 
possibilities that might oceur in relation to 
this lesion. The marked rise in incidence 
of telangiectasis occurring when animals 
are placed in the feedlot suggests a diges- 
tive involvement. The lower incidence of 
telangiectasis in the younger animal with 
an immaturely developed digestive tract 
and the higher incidence with increased 
severity of the lesions, as shown in the 
older animal, also indicate the possibility 
that telangiectasis may be digestive in 
origin. The marked rise in incidence of 
telangiectasis in animals placed in the 
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feedlot for thirty days suggests that the 
lesion develops within thirty days (graph 
2 in Am. J. Vet. Res., 16, [Jan., 1955]: 
27-34). This would indicate that some di- 
gestive product is slowly or irregularly ab- 
sorbed from the digestive tract. The con- 
centration and rate of absorption of this 
unknown substance would influence the 
extent of pretelangiectasis. This could pre- 
sumably explain the consequent variation 
in the size of the developed lesion. 

With these ideas in mind, and a number 
of compounds suspected, an extensive ex- 
periment with rabbits was conducted. Of 
the number of compounds tried in this ex- 
periment, hydrogen sulfide was the only 
one that simulated the formation of a pre- 
telangiectatic condition. The presence of 
hydrogen sulfide in the digestive tract of 
cattle exhibiting telangiectasis was verified 
by the use of lead acetate paper. Hydrogen 
sulfide was shown to be highly toxic when 
administered in high concentrations, but 
it could produce pretelangiectasis without 
symptoms in lower concentrations. Very 
small amounts could be oxidized by the 
body, as suggested by Wells.* It has also 
been shown that such a substance can be 
produced by a number of bacteria.” There- 
fore, it is probably not the presence but 
the quantity of this substance in the 
digestive tract that could be related to 
telangiectasis. 

The formation of telangiectasis by the 
erosion of hepatic cells opposes the former 
view that this condition is of neoplastic 
origin.» ** The term telangiectasis is also 
used in human pathology to designate a 
neoplastic condition as a dilatation of pre- 
viously existing blood vessels.*° Telangiec- 
tasis occurring in man is considered a con- 
genital angioma in the skin and other 
tissues of the body." As stated by Harvey, 
Dawson, and Innes,** ‘‘The fact of the 
matter is that it is not possible to lay down 
where an angiectatic malformation ends 
and an angiomatous tumor begins.’’ This 
may explain the earlier classification of 
telangiectasis in the bovine liver as an 
angioma. However, the pretelangiectatic 
series of events discussed in this study 
wouid definitely exclude a neoplastic ori- 
gin of this condition in the livers of cattle. 

The Greek derivation of the word telan- 
giectasis, telosangeionektasis, signifies a 
stretching out of the end vessels.’* The lim- 
iting laminae of a telangiectatice lesion are 
stretched or pushed into position to sup- 


port the flow of blood resulting in a lesion 
that could be considered as dilated. There- 
fore, the term telangiectasis is applicable 
to this lesion. 

Cohrs ** mentions the finding of telangi- 
ectasis in the horse, sheep, dog, cat, and 
chicken. He describes the condition as in- 
frequent in these species but common in 
cattle, especially in older cattle. The au- 
thor has examined several thousand sheep 
livers and found only a few lesions that 
simulated telangiectasis. However. these 
lesions in sheep differed from those de- 
seribed in this study in that eosinophils 
were present and laminar septums were 
absent. The author concluded that these 
lesions were probably a form of parasitic 
lesion. It is imteresting that lesions re- 
sembling telangiectasis could only be 
found in a few sheep livers, since from an 
anatomical standpoint sheep closely re- 
semble cattle. A possible explanation 
might be that sheep masticate their food 
more thorovehly than do cattle.** The care- 
takers of sii » rarely grind the grains fed 
to sheep, \..uie it is a general practice to 
grind or roll grains fed to cattle. This dif- 
ference in mastication could influence the 
digestive flora in some manner so that the 
excretory fuctor for telangiectasis is not 
produced. 

Telangiectasis may remain as a well-de- 
veloped lesion for a considerable period of 
time in the absence of secondary involve- 
ment. The study of several thousand tel- 
angiectatie lesions reveals that most of 
them contain only the number of leuko- 
cytes to be expected in a static volume of 
blood. A lesion with a statie flow of blood 
would be highly vulnerable to the estab- 
lishment of an invading organism. There- 
fore, it seems logical to assume that the 
presence of large numbers of polymor- 
phonuclear leukocytes in telangiectasis 
would indicate a purely secondary patho- 
logical entity, namely, focal hepatitis. The 
writer’s view opposes the focal hepatitis 
described by Getty, including telangiecta- 
sis and ‘‘sawdust’’ liver. In this study 
only a few suspected sawdust livers were 
observed, while telangiectasis was found to 
be quite common. This would suggest that 
there is no correlation between telangiec- 
tasis and sawdust liver. 

Collagenous connective-tissue encapsula- 
tion of telangiectatie lesions has not been 
observed in this study or in those reported 
by others.’7:'*:?° The surrounding hepatic 
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parenchyma of the telangiectatic lesion ap- 
pears morphologically normal. The ocea- 
sional finding of collagenous connective 
tissue in telangiectatie lesions is suggestive 
of repair. Hepatic cell regeneration in the 
repair of telangiectasis has not been con- 
vincingly observed in this study. This may 
be due to not recognizing this form of re- 
pair or the loss of reticulum by parenchy- 
mal erosion may fail to provide the scaf- 
folding necessary for regeneration. 

The data presented in this study indi- 
cate that telangiectasis may result from 
the absorption of an unknown digestive 
product. The erosion of hepatic cells that 
follows explains the common finding of 
these lesions of variable size in the livers of 
cattle. A complete understanding of the 
factors responsible for this lesion would be 
of economic as well as scientific vaiue and 
could lead to initiation of proper preven- 
tive measures. 


SUMMARY 


Telangiectasis was found in all classes 
of cattle with the exception of calves not in 
the feedlot. A high incidence of this con- 
dition was found in cattle in feedlots for 
thirty to sixty days which was correlated 
more with feeding conditions than with 
sex and age variations. 

The earliest alteration in telangiectasis 
was extracellular glycogen causing separa- 
tion of the endothelium from the hepatic 
cells. This pretelangiectatic condition var- 
ied from single hepatic cells to a wide- 
spread multilobular condition. 

The normal flow of blood into pretelan- 
giectatic parenchyma causes the erosion of 
hepatic cells. Erosion of hepatic cells con- 
tinues until the healthy surrounding pa- 
renchyma is capable of supporting the flow 
of blood through the affected area. Some 
laminae remain as septums between the 
formed blood spaces forming the so-called 
cavernous telangiectasis. 

An ineonstant number of leukocytes 
were found in these lesions. No microor- 
ganisms were isolated from pretelangiec- 
tatic and telangiectatic lesions. 

The injection of various substances into 
rabbits via the portal vein gave some evi- 
dence that hydrogen sulfide might excite 
pretelangiectasis. The quantity and not 
the mere presence of this substance in 
the digestive tract could be related to 
telangiectasis. 


Parenchymal erosion, in opposition to 
hepatic necrosis, forms enlarged blood 
spaces resulting in a static flow of blood 
and anoxia. The lesion may remain as such 
in the absence of secondary invasion, or it 
may heal by mesenchymal or hepatic cell 
proliferation. 
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Vibrio Fetus Infection in Cattle. 1. A Comparative Study of the 
Agglutinin Response in Cervicovaginal Mucus and 
Blood Serum to Homologous Antigens 
Following Abortion 


M. RISTIC, Dipl. Vet., D.V.M., M.S.; D. A. SANDERS, D.V.M.; M. E. TYLER, Ph.D. 


Gainesville, Florida 


Use or blood serum and vaginal secretion 
agglutination tests have been proposed 
as an additional aid to cultural exam- 
ination in the diagnosis of bovine vib- 
riosis,?: 19 11, 18-20 

At present, the antigenic structure of 
Vibrio fetus is not clearly understood. Em- 
ployment of heterologous or serologically 
related Vibrio antigens for agglutination 
tests may obscure specificity of reaction 
and be responsible for inconsistency of re- 
sults in the field of diagnostic serology. 
Furthermore, knowledge is lacking con- 
cerning the time of appearance and per- 
sistence, at detectable levels, of vaginal 
mucus and blood serum agglutinins and 
survival of the organisms in cows aborting 
from V. fetus infection. 

Price et al.” obtained variations in agglutina- 
bility when 34 Vibrio strains were tested against 
25 specific antiserums. The authors expressed 
doubt that a sufficient degree of cross agglutina- 
tion oceurred to regularly demonstrate the pres- 
ence of agglutinins in the blood serum of cattle by 
the use of any single strain of V. fetus. Levi" 
demonstrated a higher level of agglutinins in the 
blood serum of ewes when the antigen employed 
was prepared from the strain which produced the 
infection. Also, apparently normal cattle serum 
reacted positively in dilutions of 1:10 to 1:160, 
when 200 of such serums were tested against three 
V. fetus strains.” Gallut* found six strains defi- 
nitely heterogenic in attempting to demonstrate 
serological relationship among ten V. fetus strains. 
He coneluded that discovery and employment of a 
common V. fetus antigenic fraction would be a 
prerequisite for specific serological diagnosis. The 
author extracted two antigenic V. fetus fractions, 
one of which appeared te be antigenically shared 
by most of the strains studied.‘ According to 
Plastridge et al.,° Terpstra bred 4 cows to a bull 
infeeted with V. fetus and observed that blood 
serum agglutinins appeared twenty days following 
the first service and were detectable for only a few 
weeks. However, vaginal mueus of these animals 
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reacted positively to the agglutination test at 
twenty-four to sixty days after the first service 
and continued to do so during observation periods 
of three and one half, six, and nine months. 
This paper concerns the degree of agglu- 
tination reaction of ten bovine V. fetus 
antigens, prepared from organisms isolated 
from aborted fetuses, when tested against 
blood serum and cervicovaginal mucus of 
the dams for periods of one day to six 
months following abortion. In addition, 
the specificity and serological nature of 
serum agglutinins were examined by em- 
ploying heat inactivation, agglutinin ab- 
sorption, and conglutination complement 
absorption tests. Moreover, the persistence 
of V. fetus in the genital tract of these ani- 
mals following abortion was investigated. 


MATERIALS AND METHODS 


Six of the 10 cows which aborted in a 
eentral Florida dairy herd, while the remaining 4 
were from a herd located in the northern section 
of the state. The animals reacted negatively to 
the Brucella serum agglutination test at the time 
of abortion. They were bred by natural service 
following their first or second calving. Ten virgin 
heifers, 12 to 14 months of age, raised apart from 
infected animals, served as controls. 

Vibrio fetus was isolated from the stomach eon- 
tent of aborted fetuses by eulturing in Albimi 
Bruceila broth containing 0.1 per cent of plain 
agar. Antigens were prepared by allowing the 
Vibrio organisms to grow on Albimi Brueella agar 
in 16-ounee prescription bottles. Five grams of 
plain agar were added to each liter of the medium 
to increase solidity. Incubation was at 37 C. in an 
atmosphere of approximately 19 per cent carbon 
dioxide for ninety-six hours. Cultures were washed 
from the agar surface with 0.3 per cent formalde- 
hyde solution containing 0.85 per eent of sodium 
chloride. The cell suspension was filtered through 
sterile glass wool, centrifuged, and washed suc- 
cessively three times with formaldehyde-saline so 
lution. The concentrated antigens were stored in 
the refrigerator. Prior to use, the antigens were 
standardized to a density of approximately 55 per 
cent light transmission in formaldehyde-saline so- 
lution using Leitz photoelectric colorimeter with a 
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550 mu green filter. This density approximated 
tube 3 of McFarland’s nephelometer. 

Blood samples and cervicovaginal mucus were 
eolleeted simultaneously from all animals at in- 
tervals of approximately two weeks; the earliest 
sample was collected the first day following abor- 
tion and the latest at six months following abor- 
tion. Approximately 60 ml. of blood was collected 
from the jugular vein directly into a sterile rub- 
ber-stoppered 110-ml. serum bottle. The blood was 
left at room temperature for several hours, after 
which it was placed in the refrigerator over night. 
The serum was collected the following day and 
preserved at —20C. until tested. 

The method used in collecting cervicovaginal 
mucus and the subsequent agglutination technique 
was in general that described by Plastridge et 
al." The basie dilution employed was obtained by 
extracting tampons in 15-ml. amounts of Soren- 
sen’s phosphate buffer solution (pH 7.2) contain- 
ing 0.3 per cent formalin. To 4 ml. of this mix- 
ture, coneentrated antigen was added to make a 
final density approximately equal to a McFarland 
tube 3 turbidity standard. Tests being positive in 
these mucus-buffer-antigen mixtures were recorded 
as 1. To tubes 2, 3, 4, and 5, 2 ml. of diluted 
antigen corresponding in density to tube 3 of 
MecFarland’s nephelometer seale was added. Sub- 
sequent serial dilutions employed transfers of 2- 
ml. amounts of mucus buffer solution and antigen. 
In each series, the final dilutions were 1:2, 1:4, 
1:8; and 1:16. The readings were recorded as the 
reciprocal of the highest dilution showing com- 
plete agglutination. The method developed by 
Frank Bryner* was used for isolation of organ- 
isms from the animal’s genital tract. 

Direct Agglutination Test.—Formaldehyde-sa- 
line solution was used to prepare 1:5 dilutions of 
unheated serums and serums inactivated for thirty 
minutes at 56C. Subsequent serial dilutions em- 
ployed transfers of 0.5-ml. amounts of the di- 
luted serum in serial tubes containing formalde- 
hyde-saline solution. Antigen in the amount of 0.5 
ml. was added to make final dilutions 1:10, 1:20, 
1:40, et estera. The tests were incubated at 37 C. 
for approximately forty-eight hours before results 
were recorded. The criterion for agglutination was 
evidence of clearing with presence of clumps when 
the tubes were gently agitated. 

Agglutinin Absorption Test.—Sterile saline so- 
lution was used in preparing the 1:2.5 dilution of 
the serums used in this test. Antigens were pre- 
pared as deseribed, with the exception that sterile 
saline, instead of formaldehyde-saline solution, was 
used to wash organisms from the agar surface. 
The bacterial suspension was centrifuged in grad- 
uated 15-ml. conical tubes. The supernatant fluid 
was removed after which 10 parts of the serum- 
saline dilution was added. The bacterial mass was 
broken up with a platinum loop and the mixture 
was manually agitated, after which it was ineu- 
bated at 37C. for two hours. During ineubation, 
the tubes were shaken three to four times at 


spaced intervals. Following incubation, the tubes 
were centrifuged and the supernatant fluid was re- 
moved and diluted with formaldehyde-saline solu- 
tion to give a final serum dilution of 1:5. Titers 
of the absorbed serums were compared to those of 
unabsorbed, unheated, and inactivated serums in 
direct agglutination tests. 

Conglutination Complement Absorption Test.— 
The procedure used for conducting the conglutina- 
tion complement absorption test was in general 
that reported by Hole and Coombs.° Isotonic sa- 
line* was used for suspending the formalin-killed 
antigens, for preparing al! dilutions, and for re- 
placing components not required in the system. 
Both suspected antiserum and normal control se- 
rum were heated for thirty minutes at 56C. to 
inactivate the complement. The optimal antigen 
dilution was determined by conducting the con- 
glutination complement absorption test, employing 
several concentrations of antigen alone and with 
specific antiserums using varying doses of equine 
complement. The antigen dilutions of 1:1280 and 
1:2560 were slightly anticomplementary; when 
combined with positive serum, they absorbed most 
of the complement. 

The conglutinating system consisted of 0.25 per 
cent sheep erythrocytes and the optimal dilution 
of inactivated bovine serum containing conglu 
tinin and antibody for sheep cells. The unit vol 
ume for each of five reagents used was 0.4 ml. 

The actual tests were conducted on the same 
day that these preparations were made. Duplicate 
tubes of suspected positive and negative control 
serums were set up. The antigen, serum, and com- 
plement were added to one set of tubes while sa 
line, instead of antigen, was added to the other to 
ascertain possible anticomplementary serum ac 
tion. The tests were left for one-half hour at room 
temperature after which the conglutinating system 
was added and the tests placed in a water bath at 
37C. for thirty minutes. The tubes were then 
centrifugalized and the results recorded. 


RESULTS 


Results of vaginal mucus and blood se- 
rum agglutination tests are summarized in 
table 1. Antigens D12 and 105A were not 
employed in any of the tests because of 
their nonspecific agglutinability with nor- 
mal bovine and rabbit serum. Antigen 426 
and serums 61 and 105A were anticomple- 
mentary and, therefore, were not used in 
the conglutination test. These three V. 
fetus antigens were replaced in all tests 
with one prepared from strain 459. 

Vaginal mucus agglutination tests were 
positive in all infected animals throughout 
the observation period except No. 356. The 

* Reagents used in the conglutination complement ab 


sorption test were secured from Cappel Laboratories, 
West Chester, Pa. 
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titer did not exceed a reading of 1 until 
five days following abortion, after which 
time the titer attained the average of a 
reading of 4 during periods up to one hun- 
dred days. Thereafter, the titer gradually 
receded but was demonstrable in low dilu- 
tion at the end of the observation periods. 
Mueus collected from infected animals in 
heat was negative to the agglutination test 
with the exception of animal 21 which ex- 
hibited a positive reading of 1. Vibrio fe- 
tus was cultured from the vaginal mucus 
of 6 animals during estrus 1 as late as 
eighty-six days after abortion. The organ- 
ism was also cultured from semen of 2 
bulls used for breeding some of the ani- 
mals which aborted (fig. 1). 

While blood serum of animal 21 con- 
tained no demonstrable V. fetus agglu- 
tinins, the other 9 animals which aborted 
showed low agglutinin titers. These re- 
actions occurred generally at 1:10 to 1:40 
dilution, although some were observed 
at 1:80 and, in one instance, at 1:160. 
Agglutinin response of infected animals 
tended to exhibit maximum titer dur- 
ing the first three weeks following abor- 
tion, after which the titer gradually re- 
ceded and was not demonstrable later than 
fifty-four days. 

Inactivated serums revealed, in at least 
one testing period, a drop in titer of not 


more than one serial dilution. All antigens 
were demonstrated to be homologous by 
their capacity to absorb completely all 
demonstrable agglutinins. 

The conglutination test demonstrated 
antibodies in serums of 7 animals which 
aborted. End points obtained im six tests 
with this technique exceeded by one serum 
dilution the titer of the direct agglutina- 
tion test. However, the conglutination test 
revealed no antibodies in serums found 
negative in the direct agglutination test. 

Control animals were negative to blood 
serum and vaginal mucus agglutination 
tests throughout the observation period of 
six months. Three of the control serums, 
when tested without antigen, absorbed a 
significant amount of complement and, 
therefore, were disregarded for the conglu- 
tination test. 

DIscUSSION 

The experiment demonstrated that the 
antibodies persisted consistently in cervi- 
covaginal mucus over a longer period than 
they did in the blood serums of animals 
which aborted. 

A number of workers have pointed out 
the limited diagnostic significance of vagi- 
nal tampon tests performed on mucus from 
cows in heat. Moreover, English investi- 
gators ® observed considerable fluctuation 
in results of vaginal mucus cultural exam- 


TABLE 1—Results of Cervicovaginal Mucus and Blood Serum Agglutinin Response to 


Cow Number 


Homologous Vibrio Fetus Antigens of Cows Which Aborted 


Days 459 387 426 D12 356 61 105A 12 14B 21 
abortion A B A B A B A B A B A B A B A B \ B A B 
1 1 80 1 40 
3 1 40 1 40 1 20 
5 4 40 4 40 0 20 2 80 4 40 2 40 2 20 4 0 
12 4 40 4 RO 8 20 8 40 0 40 2 80 4 40 4 80 4 160 4 0 
25 o** 20 0 40 16 10 0** 40 0 20 o** 40 0** 40 & 40 4 80 2 0 
40 4 20 o** 20 16 0 16 0 o* 20 4 20 2 20 o** 40 7 20 1* 0 
54 o** 10 1 20 o* 0 16 0 0 0 o** 10 g** 0 - 10 16 10 2 0 
70 4 0 4 0 16 0 8 0 o* 0 x 0 16 0 4 0 0* 0 2 0 
R6 8 0 or? oO ~ 0 0 0 4 0 2 0 4 0 2 0 4 0 
101 0 o* 0 8 0 0 1 4 0 
116 4 0 4 0 4 0 1 0 
132 2 0 2 0 
146 OF 1 0 
160 1 0 1 0 
175 1 0 0o* 0 
1 0 2 0 


182 


plete agglutination. 


A—The numbers represent essentially the reciprocal of the highest dilution of mucus buffer mixture causing com- 
For details see Materials and Methods. 


B—The numbers represent the reciprocal of the highest dilution of serum causing complete agglutination. 


0—No demonstrable agglutination. 
* Animal in estrus. 


** Animal in estrus V. fetus cultured from cervicovaginal mucus 
The day of the last test shown for each individual animal represents the termination of the observation period. 
Antigen 459 was employed for all mucus agglutination tests during the first twelve days following abortion. 
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inations and agglutination tests. The pres- 
ent work reveals a characteristic pattern 
of cyclical appearance and disappearance 
of demonstrable mucus agglutinins and 
bacteriologically detectable V. fetus. While 
mucus collected at estrus revealed negative 
agglutination tests, V. fetus was readily 
cultured from such samples. Attempts to 
culture organisms from cervicovaginal mu- 
cus of infected cows during interestrous 
periods were unsuccessful, while the ag- 
glutination test was positive. This ob- 
servation suggests that V. fetus is estab- 
lished as a uterine rather than a vaginal 
infection. 

Cow 356 is of special interest in that the 
vaginal mucus agglutination test was con- 
sistently negative while a weak serum anti- 
body reaction was demonstrated. Efforts 
to culture V. fetus from the uterus of this 
animal failed. Since necessity of intra- 
uterine persistence of V. fetus to produce 
vaginal mucus agglutinins is unknown, 
and since the possibility exists of disease 
transmission by routes other than the gen- 
ital tract,’* an attempted explanation of 
contradictory results of the case would not 
be appropriate at this time. 

A significant finding was the low level 
or lack of demonstrable V. fetus serum ag- 
glutinins in infected animals. The weak 
agglutinin response might be explained on 
the basis of either or both of two hypothe- 
ses: (1) a low rate of transport of antigens 
from the uterus to the antibody-forming 
system of the animal, or (2) lack of suffi- 
cient antigenic activity on the part of the 
antigens. While workers at Cornell” ex- 
pressed doubt concerning the diagnostic 
significance of serum agglutination tests in 
cattle vibriosis, Plastridge and co-work- 
ers’? pointed out that the animal’s age 
and the duration of infection may account 
for variations in agglutination titers. The 
history of animals studied in this experi- 
ment suggests that infection was trans- 
mitted by natural breeding. An experi- 
mental intravaginal V. fetus infection in 
guinea pigs produced blood serum aggluti- 
nin response similar to that of the cattle, 
while oral infection resulted in higher ti- 
ters.**'* Although findings on guinea pigs 
can not be applied per se to the bovine spe- 
cies, they suggest that genital V. fetus in- 
fection may be of a local nature and does 
not stimulate formation of blood-serum ag- 
glutinating antibodies to a great extent. 


Fig. 1—Vibrio fetus shown in Gram’s stain of 
Albimi Brucella broth after twenty-four hours 
of incubation of infected bull semen. 


There were no discrepancies demon- 
strated in the specificity of the different 
tests. However, in several instances, end 
points obtained with the conglutination 
test were higher than those obtained with 
the direct agglutination test. The detec- 
tion of a higher titer by this test may have 
been due to amounts of antibody present 
in the higher serum dilution, insufficient 
to produce agglutination but detectable by 
the more sensitive conglutination tech- 
nique. Furthermore, it is possible that 
this test may have revealed the presence of 
nonagglutinating antibodies as may occur 
in long-standing infection. 


SUMMARY 


1) When cervicovaginal mucus and 
blood serums of 10 cows were tested 
against V. fetus antigens prepared from 
organisms isolated from their aborted fe- 
tuses, cervicovaginal mucus antibodies per- 
sisted over a longer period than blood- 
serum antibodies. 

2) Nine of 10 cows which aborted re- 
acted positively to the cervicovaginal mu- 


; 
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cus agglutination test during observation 
periods varying from seventy to 182 days. 

3) Low blood-serum agglutinin titers 
were demonstrated in 9 animals by direct 
agglutination test and in 7 of these by the 
conglutination complement absorption 
technique. These reactions persisted dur- 
ing observation periods varying from 
twenty five to fifty-four days following 
abortion. 

4) Vibrio fetus was cultured from the 
cervico-uterine mucus of 6 animals during 
their estrous periods and from semen of 
2 bulls used for breeding cows which 
aborted. 
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In Vitro Studies on the Action of Streptomycin upon Five 
Serotypes of Leptospira Grown in Two Types of Medium 


WARREN G. HOAG, D.V.M., and WILSON B. BELL, D.V.M., Ph.D. 


Blacksburg, Virginia 


THE WIDESPREAD incidence of bovine lepto- 
spirosis is being increasingly recognized. 
Because of its insidious and protean clin- 
ical manifestations, it is of much concern 
to those workers interested in the control 
of livestock diseases. Bovine artificial in- 
semination, because of its potential for the 
spread of livestock diseases, has been care- 
fully scrutinized by livestock sanitary offi- 
cials, cattlemen, and dairymen. Research 
has provided definite information concern- 
ing the spread, by infected semen, of such 
bovine diseases as trichomoniasis, vibriosis, 
and b.ucellosis. Such work has led to the 
routine addition to semen of streptomycin 
to prevent the spread of Vibrio fetus.*® 
Our work was undertaken +o determine the 
effects of the commonly used levels of di- 
hydrostreptomycin sulfate* on five sero- 
types of Leptospira which have been re- 
ported serologically or bacteriologically in 
the United States. 


PROCEDURES 


Part 1—Determination of Bactericidal Action 
of Dihydrostreptomycin Sulfate on Leptospira.— 
Five leptospiral serotypes, Leptospira pomona 
(S91), Leptospira sejroe (Mallersdorf strain), 
Leptospira grippotyphosa (Moseow V Strain), 
Leptospira icterohaemorrhagiae (Wijnberg 
strain), and Leptospira canicola (Rubebush 
strain),** were grown both on Fletcher’s and 
Shiiffner’s mediums.‘ After five days’ incubation 
at 30C., when growth was heavy, dihydrostrepto- 
myein sulfate was added to each culture so that 
three final concentrations, 500, 1,000, and 1,500 
ug. per milliliter of culture, were obtained for 
each serotype and for each type of medium. 
These concentrations were intended to bracket 
the concentration of streptomycin generally used 
intervals 


in bull semen (1,000 ywg./ml.). At 
each streptomycin-treated culture 


72 hours, 


Drs. Hoag and Bell are professors of animal pathology, 
Virginia Agricultural Experiment Station, Virginia Poly- 
technic Institute, Blacksburg. 

The authors gratefully acknowledge the technical as- 
sistance of Alice Holmes, M.S., in this work. 

* Hydrogenated salt of streptomycin. 

** These serotype strains were originally obtained from 
the Veterinary Division, Army Medical Service Graduate 
School. 


was subcultured into untreated similar medium 
in triplicate (the same entire medium batch 
being used throughout the experiment). At the 


time of subculture, darkfield microscope examina- 
tion was made, using a drop of culture beneath a 
cover slip (22 by 22 mm.) and examining with a 
magnification of x 600. 

Subcultures were incubated at 30C, 
checked for growth at five, fourteen, and twenty- 
eight days before being discarded as negative. 
Controls consisted of untreated 5-day-old cultures 
which were similarly subcultured and microscop- 
ically examined. 

Part 2—Determination of Bacteriostatic Action 
of Dihydrostreptomycin on Leptospira.—The five 
leptospiral serotypes mentioned in part 1 were 
used in part 2. The same five-day cultures, be- 
fore the addition of streptomycin, were used as 
stock cultures to inoculate both Fletcher’s and 
Schiiffner’s mediums which already contained con- 
centrations of 500, 1,000, and 1,500 ug. of strepto- 
mycin per milliliter. Subcultures were made into 
untreated medium at intervals of 1, 3, 5, 8, 12, 24, 
30, 48, 55, and 72 hours. 

Controls consisted of untreated 
mediums subcultured and examined at 
intervals. 

A potency test on the dihydrostreptomycin lot 
used in both parts of this experiment was con- 
dueted, using stock cultures of Streptococcus 
fecalis and Micrococcus pyogenes, var. aureus as 
test organisms. Standard technique as outlined by 
Kolmer * was followed. The sensitivity of the or- 
ganisms used, reported in 48-hour susceptibility 
levels, was 5 wg. of streptomycin per milliliter for 
M. pyogenes and 10 wg. of streptomycin per milli- 
liter for Str. fecalis. 

Bacteriological techniques were standard 
throughout the experiment, in that seeding of lep- 
tospiral eulture medium was consistently done by 
the addition of inoculum in the ratio of 10 per 
eent of the total inoculated medium volume. Sub- 
cultures were made in triplicate in identical lots 
of medium of the same type. The salt concentra- 
tion and pH of both Fletcher’s and Schiiffner’s 
mediums, as used, were at levels usually recom- 
mended as suitable for accurate results in testing 
the susceptibility of bacteria to streptomycin.” 


and were 


culture 
similar 


seeded 


RESULTS 


Table 1 shows the effect of streptomycin 
in varying concentration when added to 
five-day cultures of leptospiras. All subeul- 
tures made from the Fletcher’s semisolid 
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TABLE 1—Subculture Results Showing Effect of 


tospiral Cultures (in Schuffner’s [S] and Fletcher’s [F] Mediums) 


the Addition of Streptomycin to Five-Day Lep- 


L. grippo- L. icterohaem- 
Leptospira L. canicola typhosa orrhagiae L. pomona L. sejroe 
Medium s F Ss F s F s F s F 
Streptomycin 
hundreds of ug. 5 1015 5 1015 5 1015 5 1015 5 1015 5 1015 5 1015 5 1015 5 1015 5 1015 
intervals 2 ——+——— + — + - - 
24 + +—— — + + - 
720 =—+---- + +——-— — 
+ = One or more of three subcultures positive within twenty-eight days’ incubation; ——no growth within 
twenty-eight days’ incubation; * this culture was positive on the fourteenth day after inoculation but negative on 


the twenty-seventh day. 


medium series were negative for leptospi- 
ral growth as long as twenty-eight days 
after inoculation, with the exception of the 
controls. On Scehiiffner’s liquid medium, 
neither L. sejroe nor L. itcterohaemor- 
rhagiae were able to grow on subcultures 
into normal untreated culture medium, 
with the exception of one subculture. This 
subculture of L. sejroe was made at the 
twenty-fourth hour after the addition of 
streptomycin to the concentration of 500 
vg. per milliliter and was positive only on 
the fourteenth day of subculture examina- 
tion. Leptospira organisms were unmis- 
takenly observed by darkfield microscopic 
examination but, on the twenty-eighth day, 
re-examination revealed no organisms 
present. Subcultures remained negative 
through the twenty-eight days of incuba- 
tion at 30C., after which they were 
discarded. 


TABLE 2—Subculture Results Showing Effect 


Leptospira canicola, L. pomona, and L. 
grippotyphosa were successfully subcul- 
tured on Schiiffner’s medium as long as 
seventy-two hours after the addition of 
streptomycin. 

Table 2 shows the results of subcultur- 
ing leptospiral cultures which had been 
inoculated into medium already containing 
streptomycin in varying concentrations. 
Leptospira icterohaemorrhagiae and L. 
sejroe were not obtained on subculture at 
any time interval from either Fletche”’s or 
Schiiffner’s medium. Leptospira caivicola 
was obtained from Schiiffner’s medium 
fifty-five and seventy-two hours after inoe- 
ulation into medium containing 500 yg. of 
streptomycin per milliliter, and L. grippo- 
typhosa and L. pomona were obtained as 
late as seventy-two hours after addition 
of Schiiffner’s medium containing strep- 
tomycin, but no later than three hours 


on Five Leptospiral Serotypes Seeded into 


Fletcher’s (F) and Schuffner’s (S)} Mediums Containing Streptomycin 


L. grippo- 
Leptospira typhosa 
Medium 
Streptomycin 
hundreds of ug 


L. canicola 


F 


F 


s 


5 1015 5 10 


Subculture 


L. ieterohaem- 
orrhagiae L. pomona L. sejroe 
s F F Ss F 
15 51015 5 1015 5 1015 5 1015 5 1015 5 1015 


in hours 5 _ 

12 - -— +4 -—- - 

72 = 

+ = One or more of three subcultures positive within twenty-eight days’ incubation; — = no growth within 


twenty-eight days’ incubation. 
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TABLE 3—Results of Microscopic Examination of Five-Day Leptospiral Cultures After Addition 
of Streptomycin (in Schuffner’s [S] and Fletcher’s [F] Mediums) 


L. grippo- L. icterohaem- 
Leptospira L. canicola typhosa orrhagiae L. pomona L. sejroe 
Medium 8 F Ss F 8 F s F S F 
Streptomycin 
hundreds of ug. 5 1015 5 1015 5 1015 5 1015 5 1015 5 1015 5 1015 5 1015 5 1015 5 1015 
Hours 1 ++H+4444++44+4+ 444444 
after addition 3 4+ 44444+ 
of streptomycin 5 + + + 


Vigorously motile, heavy growth equal to contro! growth; + = growth 


trols and with many immobile organisms. 


from Fletcher’s medium containing 
streptomycin. 

Table 3 gives the results of darkfield 
microscopic examination of subculture in- 
oculums used in part 1 (streptomycin 
added to five-day leptospiral cultures). 
As long as forty-eight hours after any con- 
centration of streptomycin had been added, 
approximately as many Leptospira organ- 
isms were seen as were found in untreated 
control cultures of the same leptospiral 
serotype. After forty-eight hours, and in- 
cluding the last examination at seventy- 
two hours, the Leptospira were much less 
dense and many nonmotile organisms were 
present as compared to controls examined. 

Discussion 

It is indicated by these in vitro results 
that leptospirosis therapy should be in- 
fluenced by the serotype of leptospiral or- 
ganism present. 

It also seems evident that in a semisolid 
medium, such as Fletcher’s used in this 
experiment, several possible explanations 
exist for the degree of effectiveness of any 
concentration of streptomycin. One expla- 
nation may be that the enforced lowered 
motility, with the corresponding decreased 
rate of metabolism, renders the organism 
more sensitive to the streptomycin. 

Comparison of the tabulated results of 
part 1 and part 2 indicate that a strepto- 
mycin-resistant population of L. canicola 
may have been responsible for recoveries as 
late as seventy-two hours, but no earlier 
than fifty-five hours, after addition of the 
test inoculum into streptomycin containing 
medium (table 2). Of the three serotypes 


approximately half as dense as con 


resistant to streptomycin, L. canicola was 
the least resistant, requiring at least 
seventy-two hours before the subculture 
technique resulted in transferring suffi- 
cient unaffected organisms for growth to 
take place. It is of interest that although 
many live organisms could be seen on dark- 
field examination, this was no criteria for 
determining the ability of the organism to 
grow on subsequent subeulture into normal 
medium. 
SUMMARY 


Five leptospiral serotypes (L. canicola, 
L. icterohaemorrhagiae, L. pomona, L. 
grippotyphosa, L. sejroe) were tested on 
two types of culture medium against strep- 
tomyecin (dihydrostreptomycin sulfate). 
Final concentrations of 500, 1,000, and 
1,500 pg. per milliliter of streptomycin 
were used. Leptospira canicola, Leptospira 
grippotyphosa, and Leptospira pomona 
were obtained by subeulture into untreated 
mediums as late as seventy-two hours after 
addition of the streptomycin to five-day 
cultures. Variable results were obtained in 
Fletcher’s semisolid medium, but they in- 
dicated a streptomycin-effectiveness in this 
medium. Leptospira grippotyphosa and L. 
pomona showed a high degree of resistance 
to streptomycin when inoculated into 
Schiiffner’s medium containing the antibi- 
otic. Leptospira canicola was less resistant, 
but Leptospira sejroe and Leptospira ic- 
terohaemorrhagiae were highly sensitive 
under these same conditions. 

A serotype-sensitivity was indicated by 
these results. In addition, the results were 
influenced by the type of medium used, 
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possibly due to the physical state of a 
liquid or a semisolid medium. 
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Mammary Gland Studies. |. The Identity and Characterization 
of the Smallest Lobule Unit in the Udder of the Dairy Cow 


ALVIN F. WEBER, D.V.M., Ph.D.; R. L. KITCHELL, D.V.M., Ph.D.; 
J. H. SAUTTER, D.V.M., Ph.D. 


St. Paul, Minnesota 


THE WRITERS are not aware of any research 
reports concerning the structure and ar- 
rangement of the finer secretory compo- 
nents of the mammary gland which are 
based on serial-section studies or three- 
dimensional reconstructions. The present 
report is a deseription of the size, shape, 
and arrangement of alveoli and the duct 
system in what is believed to be the small- 
est secretory lobule unit in the bovine 
mammary gland. This designation was 
based on three criteria, namely, that the 
lobule was found to be of reasonably con- 
stant size; that its components were not 
dissociated by connective tissue septums; 
and that one drainage duct was associated 
with a lobular unit. 

The purpose of this work was to provide 
the necessary preliminary information for 
further studies, now in progress, which 
concern the involution and regeneration of 
secretory and ductular elements in the 
udder. 


MATERIALS AND METHODS 


Tissues in the form of individual and serial sec- 
tions from the udders of approximately 20 dairy 
eattle were studied in detail for the purpose of 
making a preliminary identification of the smallest 
secretory lobule unit. For the reconstruction stud- 
ies presented in this paper, tissues were obtained 
from 2 dairy cows, namely a 3-year-old Holstein- 
Friesian cow in the tenth month of lactation (ani- 
mal 5H) and a 4-year-old Holstein-Friesian cow 
(animal 94H) which died during surgical inter- 
vention at the time of parturition. The former 
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animal was producing 20 lb. of milk at the time of 
slaughter and had produced approximately 40 Ib. 
of milk daily during the first eight months of lac- 
tation. Tissues were obtained from this animal at 
the time of slaughter, eight hours after the morn- 
ing milking. The parturient cow had been in labor 
for twenty-four hours. Gross and histological evi- 
dence (fig. 2) indicated that considerable secre- 
tery activity was in progress prior to the expira- 
tion of the animal. Both animals were free of 
clinical mastitis. 

Tissues were fixed in Helly’s and Weber’s’ fix- 
atives, dehydrated in dioxane, and embedded in 
Altmann’s paraffin mixture. Four hundred serial 
sections, 10 w« thick, were cut from each tissue 
block. In the mounting procedure, tissue ribbons 
were processed through a technicon water bath 
with special time and temperature precautions so 
as to insure a uniform spreading of each section. 
In reconstruction techniques, this is very impor- 
tant. Weigert’s iron hematoxylin and Crossman’s 
triple staining techniques’ were used to differen- 
tiate parenchyma from interstitial tissue. 

Groups of secretory tissue of various sizes were 
studied in the serial sections from each animal, 
and from these the smallest lobule units, as illus- 
trated in figures 1 and 2, were selected for recon- 
struction according to the criteria outlined 
previously. 

A standard monocular microscope was inverted 
to serve as a projector. With this instrument, the 
selected tissue areas were observed at a magnifica- 
tion of 140. 

Paper tracings were made by following the 
inner border of the epithelia of alveoli and the 
duct system in each serial section of a lobule unit. 
Retracings then were made on dental-wax plates 
which were 1.4 mm. thick. Wax models (fig. 3 
and 5) were reconstructed from eutouts of the re- 
tracings. The wax models were studied, photo- 
graphed, and then dismantled (fig. 4 and 6). This 
report is based on studies of numerous lobules in 
serial sections from each animal and on detailed 
observations of wax model reconstructions of two 
lobules from the lactating cow and two from the 
parturient cow mentioned previously. One wax 
lobule reconstruction was selected from each cow 
for illustration (lobules 94H-1 and 5H-3). 

Detailed histological studies were made of the 
parenchyma of the lobules from which the recon- 
structions were made. The description of the type 
and size of epithelia will be restricted to the 
parenchyma of lobules from the lactating animal. 


Fig. 1—Cross section of a mammary lobule from a lactating cow (5H). x 100. The 
lobule unit is outlined by a broken dark line. The wax reconstruction of this lobule is 
shown in figure 3. 


Fig. 2—Cross section of a mammary lobule from a parturient cow (94H). x 100. The 
lobule unit is outlined by a broken dark line. The wax reconstruction of this lobule is 
shown in figure 5. 
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The color scheme is as follows: pink—alveoli; black— 

intralobular duct system; yellow—juncture of a ter- 

minal intralobular duct with an alveolus; stippled 

black—duct-alveolar combination; deep pink—inter- 
lobular duct; gray—paraffin supports. 


Fig. 3—Wax reconstruction of a mammary lobule unit 
from a lactating cow (5H3). 


Fig. 4—Partially dismantled 
wax model of the lobule 
unit illustrated in figure 3, 
showing intralobular 
duct system and two in- 
tralobular units. D-b and 
D-c indicate the site of 
attachment of "intralobular 
units.” 
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OBSERVATIONS 


The Identity, Size, and General Config- 
uration of Lobule Units—Lobule units 
usually were found to be surrounded by 
interstitial tissue of sufficient extent for 
purposes of identification at the base, i.e., 
at the site of exit of the intralobular duct. 
However, at other levels, it was observed 
frequently that two or more lobules were 
closely associated in a manner similar to 
individual alveoli within a lobule. To avoid 
incorporating two or more lobules in a re- 
construction, it was necessary to follow the 
duct systems of all alveoli of questionable 


TABLE 1—Measurements of Ten Lobules from 
the Lactating and Parturient Cows (Length by 
Width by Thickness in Millimeters) 


Lactating cow 


Parturient cow 


1.65 by 0.83 by 0.48 
0.90 by 0.65 by 0.32 
1.38 by 1.24 by 0.97 
1.14 by 0.97 by 0.76 
1.56 by 1.24 by 0.69 


1.45 by 1.07 by 0.73 
1.20 by 0.63 by 0.28 
1.78 by 1.62 by 0.84 
1.80 by 0.46 by 0.28 
1.55 by 0.65 by 0.30 


affiliation in the serial sections before the 
reconstruction of a wax model was under- 
taken. 

The shape of lobules studied varied but, 
generally, they were elongate and mildly 
to markedly flattened. This may be seen in 


Fig. 5—A wax reconstruction of a mammary lobule unit from a parturient cow (94H). 


Fig. 6—Partially dismantled wax model of the lobule unit illustrated in figure 5, showing 


the intralobular duct system (black). 


White spots indicate where alveoli have been 


removed. 


Gray—alveoli; oblique hatched—cut surface of an interlobular duct; 


black—intralobular duct. Paraffin 


used for supporting the model can be observed in several places. 
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figures 1 to 6 and in table 1. In the lactat- 
ing cow, the average lobule measurements 
were 1.54 by 0.89 by 0.49 mm. or approxi- 
mately 0.7 ecu. mm. In the parturient cow 


TABLE 2—Cliassification of Alveoli in Lobule 
94H-1 (Parturient Cow) According to Method 
of Drainage 


Total 
Kind No. 
Alveoli opening singly into terminal! 
intralobular ducts 138 
Paired alveoli opening into a single terminal 
intralobular duct, 26 pairs 52 
Alveoli arranged into groups of three at the end 
of a terminal intralobular duct, 4 groups 12 
Alveoli arranged into groups of more than 
three, 5 groups 24 
Total alveoli in lobule 226 


they were 1.30 by 1.01 by 0.64 or approxi- 
mately 0.8 en. mm. 

Intralobular Duct System.—The method 
of branching of intralobular ducts was 
found to be quite variable. The entering 
intralobular duct (fig. 4 and 6) usually di- 
vided into 2, 3 or, in some instances, into 
4 to 6 branches. These in turn usually 
were found to extend for a considerable 


Fig. 7—A 


alveoli enter a terminal intralobular duct by means of a common opening. 


A—alveoli; c.o.—common opening; 


distance ; in some instances, they redivided 
immediately into several successive orders 
of smaller branches. 

Measurements were made of the lumen 
diameter and epithelial height in various 
portions of the intralobular duct system. 
The entering intralobular duct was found 
to have a lumen diameter of between 40 
and 100 » and an epithelial height of 10 to 
15 ». In the lobule from the lactating cow 
illustrated in figure 4, the lumen of the 
entering intralobular duct measured ap- 
proximately 35 by 90 » and the epithelial 
height measured an average of 14.5 p» (fig. 
8). In the parturient cow (fig. 6), corre- 
sponding measurements were: lumen di- 
ameter, 35 by 42 »; epithelial height, aver- 
age, 9.6 ». The epithelia of the sueceeding 
intralobular duct system were found to de- 
crease gradually in height to an average of 
approximately 6 » at the terminal intra- 
lobular ducts. Likewise, the lumina of the 


intralobular duct branches decreased grad- 
ually in size to an average of 10 to 15 u. 
Lumina were frequently found whose di- 
ameters measured 5 to 6 » (fig. 7). 

type of epithelium in the intra- 


The 


section through an area in lobule 5H-3 from the lactating cow where two 


x 520. 


t.i.d.—terminal intralobular ducts. 
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lobular duct system was simple in type 
throughout as can be seen in figures 1, 2, ’, 
8, and 9. However, in isolated areas of 
some entering ducts, the epithelium was 
pseudostratified. 

Evidence of secretory activity was ob- 
served in the entire intralobular duct sys- 
tem in the form of a vacuolization of the 
distal portions of epithelial cells similar to 
that seen in the alveolar epithelia (fig. 8). 

Definitive intercalated ducts were not 
distinguishable in the lobules from either 
cow for the following reasons: First, the 
epithelia within a lobule were entirely 
simple in type; second, there was a very 
gradual change of epithelial height from 
the beginning intralobular duct to alveoli; 
and third, there was evidence of similar 
secretory activity in the epithelia of intra- 
lobular ducts as well as in the alveoli. 


Therefore, the designation ‘‘terminal in- 


Fig. 8—A section through an area in lobule 
epithelial lining of the main intralobular duct (above) and an alveolus (below). 
the vacuolization (arrows) of the distal portions of epithelial cells in both. 


tralobular duct’’ instead of ‘‘intercalated 
duct’’ has been used to denote that duct 
portion which connects with an alveolus. 

Number, Structure, and Variations in 
Size and Shape of Alveoli; Disconnected 
Alveoli; Alveoli Connected by More than 
One Duct——Counts of alveoli were made 
in two lobules from the lactating gland 
and in one from the parturient cow. The 
total numbers were 156, 210, and 226, 
respectively. 

The majority of alveoli opened individ- 
ually into their respective terminal intra- 
lobular ducts. However, a considerable 
percentage, as summarized in table 2, 
opened in groups of two or three into a 
duct. In some instances, the group of al- 
veoli had a more or less common opening 
(fig. 7) while in others, each alveolus con- 
nected the terminal intralobular duct via 
a very short, narrow, neck portion (fig. 


5H-3 from the lactating cow showing the 
Notice 
x 1920. 
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10a). It is probable that the degree of 
alveolar distention is responsible for this 
difference. Groups of alveoli frequently 
were observed to connect with the duct 
system via common sacculated structures 
which will be described later (see duct- 
alveolar combinations). 

In several instances, two terminal intra- 
lobular ducts were observed to lead from a 
single alveolus as illustrated in figure 10c. 
A significant number of disconnected al- 
veoli were found in the lobules of the lac- 
tating cow. There were approximately 20 
in each of the two reconstructed lobules. 
A disconnected alveolus was so designated 
when, after careful study, no epithelial 
connections to the duct system were found. 

The study of alveolar epithelia was re- 
stricted to the lactating cow. The follow- 
ing description concerns only apparently 
normal functioning alveoli, as judged by 
the fact that they contained the usual ac- 
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Fig. 9—A section from lobule 5H-3 of the lactating cow showing peripheral alveolar 
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cumulation of precipitated milk protein 
and no corpora amylacea. The height of 
epithelia lining the alveoli ranged from a 
nearly simple squamous type to low cu- 
boidal (fig. 7, 8, and 11). The average 
aveolar height was found to be 4.5 » with 
an average internuclear distance of 11.5 x. 
Very much flattened cells as thin as 1.5 up, 
and averaging 2.5 », were observed in iso- 
lated areas or even including the entire 
circumference of an alevolus (fig. 11). In 
these, the internuclear distances measured 
an average of 21.4 uy. 

The distal or supranuclear portion of al- 
veolar epithelial cells contained many very 
small vacuoles up to 0.5 » in diameter (fig. 
8) and a small number ranging between 
1.0 and 5.0 ». The latter were presumed 
to be fat vacuoles. 

The shape of alveoli differed in the par- 
turient and lactating cows. In the former, 
most alveoli were egg-shaped although 


7 


extensions from a duct-alveolus. x 330. 
1, 2, and 4—alveoli; X—duct-alveolus; t.i.d.—terminal intralobular duct. See also figure 10b. 
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Fig. 10—Iliustrations of several types of duct-alveolar combinations observed in the 
mammary glandular tissues of the lactating cow (5H). For descriptions, sze text. 


bl—plane of histological section (illustrated in fig. 9); X—duct-alveolar combination; 1, 2, 3, and 4— 
alveoli which extend from X. 


somewhat flattened. In the lactating cow, The alveolar size in the lactating cow 
they were spherical and sometimes egg- varied from extremes of 100 by 90 by 50 » 
shaped and, in addition, the walls usually to 350 by 290 by 230 ». It was speculated 
were quite irregular and folded or par-_ that this variation was in part due to post- 
tially collapsed. This finding has been re- mortem alveolar contractions. The average 
corded previously by MecFarlane.* alveolar diameter was estimated to be ap- 


Fig. 11—Section through the epithelia of two adjacent alveoli in lobule 5H-3 from the 
lactating cow. x 1700. 
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Fig. 12—A wax reconstruction of an “intra- 
lobular unit” from lobule 5H-3 of the lactating 
cow. 

White—connection of a terminal intralobular duct to an 
alveolus; gray—alveoli; stippled black—duct-alveolar 
combination; black—terminal intralobular duct; D-¢ in- 
dicates where the terminal intralobular duct was removed 
from the remainder of the duct system of the lobule. 


proximately 175 p», based on a spherical 
structure. In the parturient cow, the al- 
veoli were on the average approximately 
three quarters of this size. 
Duct-Alveolar Combinations.—In a 
small yet significant number of instances 
in the lactating cow, alveoli-like structures 
were found interposed directly in the 
course of some of the more peripheral 
branches of the intralobular duct system 
(fig. 10a). In other instances, it appeared 
that several alveoli may have developed 
from the periphery of a previously single 


terminal alveolus, leaving the latter in 
such a position as to appear to have the 
function of a duct and simultaneously an 
alveolus (fig. 9 and 10b). Exclusive of 
these duct-alveolar combinations, no intra- 
lobular milk-collecting spaces were found 
in the intralobular duct system similar to 
those described by Turner.* 

Intralobular Units——In each of the four 
lobules that were reconstructed, there were 
on the average two to three instances of 
aggregations of six to 20 alveoli which 
drained more or less commonly or at close 
intervals into a single terminal intralobu- 
lar duct (fig. 4, 10c, and 12). Many of 
these aggregated alveoli were of unusual 
sizes and shapes and oftentimes extended 
into yet more peripheral alveoli via pe- 
culiarly saceulated structures which re- 
sembled, and apparently functioned as, 
duct-alveolar combinations (fig. 10¢). 


SUMMARY 


1) A description is presented of what is 
believed to be the smallest secretory lobule 
unit in the bovine mammary gland. The 
material used in the study was taken from 
1 parturient cow and another in the termi- 
nal stages of lactation. In this study, 
serial-section and wax-reconstruction meth- 
ods were used. 

2) The lobules described were found to 
be elongated and of varying degrees of 
flatness. In the lactating cow, the average 
lobule measurements were 1.54 by 0.89 by 
0.49 mm. or approximately 0.7 cu. mm. In 
the parturient cow, they were 1.30 by 1.01 
by 0.64 mm. or approximately 0.8 ecu. mm. 
In three lobules counted, the total numbers 
of alveoli found were 156, 210, and 226, 


respectively. 

3) No consistent method of branching 
in the intralobular duct system was 
observed. 


4) The type and activity of epithelia in 
the ducts and alveoli of lobules was quali- 
tatively similar. All of the epithelia were 
usually simple in type, though the height 
regressed gradually from 10 to 15 » in the 
largest ducts to as low as 1.5 » in some 
alveoli. The average alveolar epithelial 
height was 4.5 yw. Secretory activity, as 
evidenced by vacuolization of the distal 
portions of cells, was evident in all ducts 
as well as alveoli. 
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5) The majority of the alveoli were 
found to empty individually into terminal 
intralobular ducts; approximately one 
fourth of them opened more or less com- 
monly in groups of 2, 3, or 4. In a small 
number of instances, large aggregates of 
up to 20 were found to empty in common, 
or at close intervals, into a terminal intra- 
lobular duct. These aggregates were called 
**intralobular units.’’ 

6) Alveoli were found interposed in the 
duct system in varying manners. Such 
alveoli were termed ‘‘duct-alveolar com- 
binations.’’ 


7) Significant numbers of alveoli with- 
out connections to the duct system were 
found in the lobules from the lactating 
cow. 
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The Effect of Bacterial Cells and Sonic Extracts from Bacterial 
Cells in Culture Mediums on the Colonial 
Growth of Brucella Abortus 


1. FOREST HUDDLESON, D.V.M., Ph.D. 


East Lansing, Michigan 


Ir Has been observed by the author that 
cells of one strain of Brucella abortus, des- 
ignated as type II (Wilson), do not multi- 
ply to any extent in or on several of the 
culture mediums that have heretofore been 
employed for the isolation and cultivation 
of the Brucella. 

Strains of type II were first studied by 
Wilson * in 1933. During recent years, a 
few strains of this type have been isolated 
from infected human beings and from 
the milk of cows in one dairy herd in 
Michigan.’ 

During a study* of the factors influencing the 
growth of type II Br. abortus in liquid culture 
mediums in the presence of blood, it was observed 
that the presence of either killed Brucella cells or 
a sonically prepared extract of Brucella cells in 
liquid culture mediums accelerated the multiplica- 
tion of the added living Brucella cells. The same 
agents in certain agar mediums brought about a 
fivefold increase in the diameter of colonies. 

As a result of this observation, studies 
were conducted to determine whether or 
not killed and living cells of several other 
bacteria, in addition to Brucella cells, ac- 
celerated the colonial growth of type II 
and typical strains of Br. abortus. 


PROCEDURE 


Bacterial Cells —The growth stimulatory effect 
of each of the following microorganisms was 
studied: Brucella abortus, Brucella suis, Brucella 
bronchisepticus, Micrococcus aureus, Salmonella 
pullorum, and Salmonella typhosa (Vi type). Cells 
of each were grown on the surface of peptone M 
agar and harvested in sterile distilled water. The 
bacterial suspensions were adjusted turbidimetri- 
eally to contain approximately 10” cells per milli- 
liter. A sufficient amount of each of the bacterial 
suspensions was added to portions of the agar 
mediums before autoclaving to obtain cell concen- 
trations of 2xl10°, 2x10", 5x10°, and 10° per 
milliliter. 

After autoclaving (120 C. for 20 minutes), suffi- 
cient M Na.CO; was added to each medium to ob- 
tain a pH of 7.5 after pouring Petri plates. The 
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surface of the plates was freed from water of 
condensation by incubation at 37C. for forty- 
eight hours. 

Inoculation of Agar Mediums.—Suspensions of 
living Brucella cells of the strains employed in the 
study were prepared from 24-hour peptone M agar 
slant cultures and were diluted to contain approx- 
imately 100 living cells per milliliter. One milli- 
liter of the suspension was flooded over the sur- 
face of each of three agar plates of each medium. 
As soon as the added liquid was absorbed by the 
medium, the inoculated plates were ineubated at 
37 C. either aerobically or in jars containing 5 per 
eent CO... At the end of seventy-two hours, the 
mediums were examined to determine the number 
and diameter of the colonies present on the 
surface. 

The effect of living bacterial cells on the colo- 
nial growth of type II Br. abortus was determined 
by inoculating the surfaces of agar plates with a 
suspension of cells to obtain from 300 to 500 
colonies per plate. After drying, a loopful of 
cells of each of the cultures studied was smeared 
over a 10- to 15-mm. area in the center of the 
agar plates. The inoculated agar plates were in- 
eubated in CO, atmosphere as previously described. 

Sonic Extracts of Bacterial Cells—Extracts 
were prepared for study from dense cell suspen- 
sions of Br. suis and M. aureus by sonic disinte- 
gration in a magnetostriction-type of apparatus 
which was kept cooled to 15C. by flowing tap 
water. The opalescent liquid obtained from the 
disintegrated cells was centrifuged to remove cell 
debris and a small percentage of intact cells and 
then sterilized by being heated in a water bath 
for one hour at 65 C. One milliliter of the extract 
represented approximately 10° cells. 

The cell extract obtained from Br. suis was sep- 
arated into two fractions by (NH,)2SO, fractional 
precipitation. The extract first dialyzed 
against 2 M. (NH,).SOy. The precipitate which 
formed (fraction A) was removed by centrifuga- 
tion. The supernatant from the 
first precipitate was then dialyzed against 3 M. 
(NH,).SO,. A second precipitate oceurred (frae- 
tion B) which centrifugation. 
Distilled water was added to each of the precipi- 
Fraction A was only partially soluble, but 
B was completely soluble and slightly brownish in 
color. 

The remaining (NH,).SO, in the two fractions 
was removed by dialysis against several changes 
of distilled water. sterilized 


was 


clear removed 


was removed by 


tates. 


The solutions were 
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by filtration through a Hormann D8 pad in a 
Seitz filter. 

The effect of the erude cell extracts or the 
(NH,).80, fractions on growth of cells of Br. 
abortus, type II, was determined by adding vary- 
ing amounts to inoculated liquid culture mediums 
or to filter-paper dises placed on the surface of 
agar mediums previously inoculated with a sus- 
pension of Br. abortus cells. 

Mediums Studied—tThree agar and liquid me- 
diums, namely tryptose, trypticase soy, and pep- 
tone M were prepared in the laboratory and, ex- 
cept for pH adjustment, prepared according to 
the formulas recommended by the manufacturers. 

After autoclaving, the agar mediums were ad- 
justed to a pH of 7.1, 7.3, and 7.5 with M Na,CO; 
and then poured into Petri plates. Mediums of 
the lower pH were used for inoculation with 
aerobie strains of Br. abortus; those of the higher 
pH, fer COc-dependent strains. 

The liquid mediums were distributed in 20-ml, 
amounts into 50-ml. serum bottles, which were 
closed with cotton plugs; the mediums were then 
sterilized by autoclaving. After being cooled to 
20-25 C., each bottle of medium was inoculated 
with 15 to 20 living cells (determined from agar 
plate colony count) of a CO-.-dependent strain of 
Br. abortus, type II. The bottles of medium were 
then divided into two groups; to one was added 
different quantities of either the sterile, faintly 
opalescent, extract from sonically disintegrated 
cells or different quantities of fraction B sepa- 
rated by (NH.).SO,. The other group served as a 
control. The mediums were adjusted to the de- 
sired pH levels with NaHCO, (0.9 M. solution ster- 
ilized by filtration). This agent also served as a 
source of CO, for CO.-dependent strains. 

Immediately after the addition of the required 
amount of bicarbonate solution, the bottles were 
closed with diaphragm rubber stoppers and placed 
at 37 C. At the end of forty-eight and seventy- 
two hours, each bottle of medium was examined 
for growth, as indicated by the degree of turbid- 
ity. This was recorded as the approximate total 
number of cells per milliliter. The pH of each 
bottle of medium was determined (25C.) at the 
end of seventy-two hours of ineubation. 


RESULTS 


The results set forth in table 1 illustrate 
the effect of adding different numbers of 
killed M. aureus cells to.tryptose agar on 
the colonial growth of a CO,-dependent 
strain of Br. abortus, type Il. When killed 
cells of Br. abortus, Br. bronchisepticus, 8. 
pullorum, and 8. typhosa were added to 
the same mediums, the results were similar 
to those shown in table 1. The number and 
the size of the colonies arising on the me- 
dium were directly proportional to the 
number of killed cells present. Near maxi- 


TABLE 1— Effect of Different Numbers of 
Killed Micrococcus Aureus Cells in Tryptose 
Agar on Colonial Growth 


Killed 
M. aureus Diameter 
cells added/ml. No./plate (mm, ) 
None 10 0.3 
2x10 30 0.8 
2x10" 85 1.6 
5 x 10° 90 1.8 
10” 102 1.9 


s Approximately 100 living Brucella abortus cells 
added to agar surface; medium adjusted to pH 7.5 with 
NacCOs; incubation at 37 C. for seventy-two hours. 


mum development of Brucella colonies oc- 
curred when the medium contained 2x10° 
bacterial cells per milliliter. 

Several experiments were conducted for 
the purpose of determining differences in 
the colonial growth of three strains of Br. 
abortus on three agar mediums. Two 
strains were CO,-dependent and one was 
not. Comparisons were made without and 
with the presence of killed Brucella cells 
in the mediums. The results of one experi- 
ment are set forth in table 2. The presence 
of killed M. aureus cells in the agar me- 
diums had little or no effect on the size 
attained by colonies of strains 1 and 2. 
These two strains were not fastidious in 
their growth requirements. The type of 
medium, as well as the presence of cells in 
the medium, had a decided influence on 


TABLE 2—Colonial Growth of Brucella Abor- 
tus on Different Agar Mediums Containing (1) 
No Additive, (2) Killed Micrococcus Aureus 


Cells 
pH Strain (No.)* 
adjustment 1¢ 2¢f 
Medium agent used Colony diam. (mm.) 
Trypticase soy * 7.3 1.5 1.1 0.0 
None 
Trypticase soy” 7.3 1.8 1.0 0.6 
NaeCOs; 
Trypticase soy »-* 7.3 1.8 1.3 1.0 
NagCO, 
Tryptose* 6.9 1.0 1.0 0.0 
None 
Tryptose> 7.3 1.8 1.2 0.25 
Tryptose». ¢ 7.3 1.7 1.1 1.0 
NaeCO, 
Peptone M* 6.8 1.5 1.0 0.0 
None 
Peptone M* 7.3 1.7 1.4 0.3" 
Peptone M*.¢ 7.3 1.8 14 1.0 


® Mixed by manufacturer; » mixed in laboratory; * 2x 
10° M. aureus cells added/ml. before autoclaving; * ap- 
proximately 100 cells added to each agar plate; * aerobic 
strain; * CO,dependent strains; 12-20 colonies 
seen; incubation at 37 0., for seventy-two hours. 
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the number and size of colonies of strain 
No. 3, type II, that became visible. The 
results show that two of the mediums were 
deficient in a growth-promoting agent in 
that the number and the size of the bacte- 
rial colonies increased when a sufficient 
number of killed cells were present. 

While the tabulated data show the size 
attained by colonies of the CO,-dependent 
strains in an atmosphere of only 5 per cent 
CO,, many parallel experiments were made 
with the same mediums in an atmosphere 
of 10 per cent CO,. The latter concentra- 
tion of CO, lowered the pH level of the 
mediums below the optimum for rapid 
growth of colonies. Colonies of strain 3 
were from 0.1 to 0.3 mm. less in dimmeter 
than those recorded in table 2. 

The effect of living cells of Br. swis on 
colonial growth of type II Br. abortus on 
tryptose agar is illustrated in figure 1; 
that of M. aureus is presented in figure 2. 
Similar results were obtained when the 
center of the agar medium as inoculated 
with Br. bronchisepticus, 8. pullorum, and 
S. typhosa. The growth of colonies was ac- 
celerated in a cireuiar zone 35 to 40 mm. in 
diameter around the central inoculated 


area. The diameter of the colonies was 1.2 
mm. within the zone of diffusion of the 
agent from the multiplying bacterial cells. 
Beyond this zone, the diameters decreased 
gradually to 0.2 mm. 

It was known from past experience that 
less than 100 cells of CO,-dependent type 


La we at 
Fig. 1—Colonial growth of Brucella abortus, 
type Il, resulting from the growth of Brucella 
suis in center area. 


II strains of Br. abortus do not multiply 
rapidly in tryptose and peptone M broth 
prepared according to the manufacturers’ 
formulas and adjusted to different pH lev- 
els with either Na,CO, or NaHCO,,. Visible 
growth (turbidity) from the inoculum was 
not obtained in these two mediums during 
an incubation period of seventy-two hours 
in closed bottles (rubber stopper) or when 
the bottles were closed with cotton plugs 
and placed in an atmosphere of 5 to 10 
per cent CO,,. 

Several experiments were conducted to 
determine whether the presence of the 
crude, cell-free extract from Brucella cells 
in tryptose broth accelerated the muitipli- 
eation of cells of the strain of Br. abortus 
previously mentioned. Increasing amounts 
of a sterile extract representing from 10° 
to 5x10° cells were added to bottles of the 
medium (20 ml.) at the time of inoculation 
and adjustment of pH with NaHCoO,. The 
data in table 3 show that the presence of a 
sufficient quantity of the Brucella cell ex- 
tract in tryptose broth has either a growth- 
stimulating effect on living Brucella cells, 
or the extract added to the medium an 
agent which is otherwise absent and which 
the cells require for rapid multiplication. 

Fractions of Celi Extract Separated by 
(NH,) SO, Precipitation—Fractions A 
and B were prepared in a concentration of 
5 and 8 mg./ml., respectively, from which 
twofold dilutions were made in sterile dis- 
tilled water to determine their effect on the 


Fig. 
type Il, resulting from the growth of Micro- 
coccuus aureus in center area. 
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TABLE 3—Concentration of Extract from Son- 
ically Treated Brucella Celis Required to Stim- 
ulate Growth of a CO.-Dependent Type of Bru- 
cella Abortus in Tryptose Broth * 


Incubation at 37 C. 


Amount 
Turbidity* 

pH of Inoe. 
adjust extract cells 
ment» added added 48 72 72 
None 6.8 0 30 _ _ 6.8 
7.2 0 30 7.5 
7.2 0.1 mi. 30 7.5 
7.2 0.2 mi. 30 _- 2+ 75 
7.2 0.3 ml 30 1+ 3+ 7.5 
7.2 0.5 ml 30 2+ 4+ 7.5 


*20 ml. of medium in 50-ml. bottles, closed with rub- 
ber stopper after inoculation; » pH adjusted with 40 mg. 
NaHCO, in solution; *1 ml. of extract represents approx- 


imately 10” cells; 4 plate colony count; * — = no turbid- 
ity, 14+ = 10%, 24+ = 4x10%, 3+ = 6x10", 4+ = 8x10* 
cells/ml. 


colonial growth of type II Br. abortus cells 
on tryptose agar. The surface of the agar 
plates was inoculated with approximately 
300 to 500 cells as previously described. A 
sterile filter-paper disc (12 mm.) was 
placed in the center of the agar surface to 
which was added 0.1 ml. of the various 
dilutions of the fractions. The agar plates 
were then incubated in an atmosphere of 5 
per cent CO, for seventy-two hours. When 
an increase in the size of colonies occurred 
as a result of the diffusion of the agent 
into the agar from the paper disc, the re- 
sult was recorded as the total diameter of 
the zone in which colonial growth was 
increased. 

Preliminary studies of the two fractions 
in concentrations varying from 5 mg./ml. 
to 0.01 mg./ml. revealed that the agent re- 
sponsible for promoting colonial growth 
was present in only fraction B. The re- 
sults of one experiment conducted with 
varying dilutions of an 8 mg./ml.-solution 
of fraction B are set forth in table 4. It 
may be noted that concentrations of 8 to 
0.2 mg./ml. retarded the growth of colonies 
in a 20- to 25-mm. zone around the disc 
beyond which there was a wide zone in 
which the size of the colonies was increased 
from 0.2-0.3 mm. in diameter to 1 mm. The 
minimum concentration of the fraction 
which accelerated the growth of colonies 
by this method of measurement was 0.01 
mg./ml. 

Discussion 


Since the growth of typical strains of 
Br. abortus was not inhibited on the cul- 
ture mediums employed in this study, it is 


unlikely that an inhibitory agent in the 
mediums was responsible for the delayed 
multiplication of cells of the type II strain. 
It would appear, from the results of the 
experiments performed, that cells of this 
type require for their rapid multiplication 
in certain liquid or agar culture mediums 
the presence of an agent that is present in 
the cells of many bacteria. When agar me- 
dium containing the bacterial cells is 
heated to 120C. for thirty minutes, the 
agent is not completely destroyed. 

Considerable coagulation oecurred when 
the crude cell extract was heated to 80C. 
for ten minutes in a water bath. The su- 
pernatant liquid of the coagulum had no 
growth-promoting property. The washed, 
heat-coagulated material continued to 
show slight activity. Digestion of the 
erude cell extract by trypsin destroyed the 
growth-promoting agent. 

When the purified bacterial extract 
(sonic) in sufficient concentration was 
added to a filter-paper dise placed on the 
inoculated surface of a tryptose agar plate, 
growth of Brucella colonies near the dise 
was inhibited (table 4). Beyond the zone 
of inhibition, colonial growth was consid- 
erably enhanced due to the degree of dif- 
fusion of the agent from the dise. The in- 
hibition or the acceleration of colonial 
growth by the partially purified bacterial- 
cell extract was proportional to its concen- 
tration gradient from the center to the 
side of the agar plate. 

It was stated in a previous paper‘ by 
the author that the colonial growth of Br. 
abortus, type II, cells in either tryptose 
broth or tryptose agar was accelerated 
equally as well by the presence of aged 


TABLE 4—Acceleration of Colonial Growth of 
Brucella Abortus by Different Concentrations 
of Fraction B from Sonic Extract of Brucella 


Cells 
Concentration Zone of Zone of 
of fraction B inhibition growth 
mg./ml.* diam. (mm.)” diam. (mm.) 

8.0 25 70 
0.8 20 60 
0.4 20 60 
0.2 20 50 
0.1 None 40 
0.05 None 40 
0.02 None 40 
0.01 


None 25 
Tryptose agar plate surface inoculated with 300-500 
living Br. abortus cells, incubation at 37 C. for 72 hours; 
*0.1-mm. solution added to 12-mm, paper disc on agar 
surface; ” around filter-paper disc. 
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blood serum or purified serum albumin as 
by the presence of bacterial cells or an ex- 
tract of bacterial cells. Additional studies 
using beef liver agar and cells of a typical, 
aerobic strain of Br. abortus have shown 
that the growth factor in bacterial cells 
and in serum albumin does not function in 
the same manner. Colonial growth of a 
typical strain of Br. abortus does not occur 
to any extent on liver agar when the sur- 
face is inoculated with 300 to 500 cells un- 
less the medium contains 0.05 per cent of 
Na,.S8,0, or NaHSO,. Neither does colonial 
growth occur on liver agar without the 
bisulfite when 0.1 ml. of a 5 per cent solu- 
tion of serum albumin is added to a filter- 
paper dise placed in the center of the agar 
plate. On the other hand, colonies of Br. 
abortus develop rapidly (48 hours) on a 
liver agar plate minus the sulfite when the 
central area (10-15 mm.) is inoculated 
with Br. suis or M. aureus. Since it is 
known from past studies that beef liver 
agar has an Eh of +0.3, it is possible that 
this potential is too positive for the colo- 
nial growth of Br. abortus. The presence 
of the proper amount of a reducing agent 
such as one or the other of the bisulfites 
mentioned, or living bacterial cells, appar- 
ently decreases the potential to a point 
that is optimum fosr colonial growth. 


SUMMARY 


The results of this study show that two 
agar mediums failed to meet the require- 
ments for the colonial growth of a CO,- 
dependent strain of type II Brucella abor- 
tus. The two mediums that failed to sup- 
port colonial growth were converted into 
highly satisfactory ones by the presence of 
a sufficient number of killed cells of one of 
the following microorganisms: Brucella 
suis, Brucella bronchisepticus, Salmonella 
pullorum, Salmonella typhosa, Micrococ- 
cus aureus. An extract from either soni- 
eally disintegrated Brucella or M. aureus 
cells contains the growth-promoting agent. 

Studies of a partially purified fraction 
separated from the crude extract of Bru- 
cella cells by (NH,).SO, fractionation in- 
dicate that the growth-promoting agent is 
of an albuminous nature or it is associated 
with this fraction from bacterial cells. 


References 


1 Huddleson, I. F., White, E. A.: Isolation of Brucella 
Abortus Type II (Wilson) from the Milk of Dairy Cows 


in One Herd in Michigan. M.S.C. Vet., 14, (1154) 
120-121. 

? Wilson, G. S.: The Classification of the Brucella 
Group. J. Hyg., 4, (1933): 516-541 


Important Factors Influencing the 
Strain of Brucella Abortus 


* Huddelson, I. F.: 
Growth of a CO,.-Dependent 
in a Liquid Medium in the Presence of Blood. Quart 
Bull., Michigan Agric. Exper. Sta., 37, (1954): 3-13 

* Huddileson, I. F.: Effect of Killed Brucella Cells and 
and Extract from Sonically Disintegrated Brucella Cells 


Culture Mediums on the Growth of Brucella Abortus. 
Quart. Bull., Michigan Agric. Exper. Sta 37, (1954): 
14-22. 


= 
Gon 


The Effect of Incubation at 56 C. on the Tube Agglutination 
Test for Bovine Brucellosis 


E. V. MORSE, D.V.M., Ph.D.; D. W. SCHNEIDER, M.S.; S. H. McNUTT, D.V.M. 


Madison, Wisconsin 


THE INTERPRETATION of low blood-serum 
agglutinin titers for brucellosis among eat- 
tle vaccinated with Brucella abortus, strain 
19, is problematical. Four possible causes 
for the persistence of agglutinin titers of 
1:50 or higher are apparent: (1) specific 
vaccination agglutinins persisting in the 
blood of some cattle even though the strain 
19 organism does not persist, (2) augmen- 
tation of vaceinal titers through contact 
with virulent field strains of Brucella, (3) 
anamnestic responses due to contact with 
microorganisms having antigens in com- 
mon with Brucella, and (4) the presence 
of a nonspecific globulin factor in the 
blood of normal cattle which is capable of 
agglutinating Brucella.® 
Cross-agglutination reactions have 
ported between Brucella and some species of Pas- 
teurella,”*** Pfeifferella,* Proteus,’ Vibrio," and 
Salmonella.“* Wilson™ has hypothesized the 
serological relationship between Brucella and Pas- 
teurella mult«-cida, Pfeifferella mallei and mem- 
bers of the Pro 2us group. He concluded that the 
apparent cross reactivity was due to normal blood- 


been re- 


serum agglutinins. 

Feinberg and Wright* demonstrated that anti- 
serums for Vibrio comma and Pasteurella tularen- 
sis from human patients would agglutinate Bru- 
cella antigens to the 1:800 serum dilution level. 
When the agglutination tests were incubated at 
53 to 56C. for sixteen hours, the Brucella titer 
was markedly depressed. The serum from %ru- 
cellosis patients did not lose its power to aggluti- 
nate Brucella when similarly handled. These 
workers concluded that the incubation of the ag- 
glutination test at 56C. would eliminate Brucella 
titers due to cross reactivity. 

Hoerlein® condueted similar comparisons with 
swine serum using the 37 C. and 56C. methods of 
incubation for the tube agglutination test. Eight 
swine droves, free of brucellosis, were represented 
by 136 individual serum samples. The initial 
titers at 37 C. were distributed as follows: 106 at 
1:25, 25 at 1:50, three at 1:100, one at 1:400, 
and one at 1:800. Ineubation of the tests at 56 C. 
for sixteen hours gave negative titers with three 
exceptions: one titer of 1:100 did not change, one 
of 1:400 was decreased to 1:50, and one of 1:800 
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sity of Wisconsin, Madison. Published with the approval 
of the director of the Wisconsin Agricultural Station as 
veterinary science paper No. NS 166. 


was depressed to 1:25. Detailed postmortem bac 
teriological. examinations of these three reactors 
did not indicate the presence of Brucella in their 
tissues. The serums of swine in herds known to 
be infeeted with Brucella swis and Brucella meli- 
tensis, when subjected to similar test procedures, 
remained essentially static in titer at 56 

Hess and Roepke® reported the presence of a 
nonspecific serum factor capable of agglutinating 


Brucella. The factor was demonstrable in the 
blood of normal cattle and was detectable by 
paper chromatographic techniques. The material 


did not appear to be related to specific agglutinins 
since differences in physicochemical properties 
were apparent. 


MATERIALS AND METHODS 


The tube agglutination-test technique as recom 
mended by the U. 8S. Department of Agriculture 


was employed throughout the investigation. The 
serum dilutions routinely employed were 1:25 
through 1:400. When the titer of a serum was 


higher than 1:400, the multiple, twofold dilution 


technique was applied. The tests were set in du 
plicate, one series was incubated at 37C. for 
forty-eight hours in a_ baeteriological ineubator 


while the other was incubated in a thermostati 
eally controlled water bath at 56C. for sixteen to 
twenty hours. At the end of the periods of ineu- 
bation, the degree of agglutination was deter- 
mined and recorded as (1) complete or positive, 
(2) ineomplete or partial, or (3) negative. 

The effects of the two temperatures of incuba- 
tion upon the results of the tube agglutination 
test ascertained and compared using the 
following lots of bovine serums: 

1) Samples 1,333 eattle officially 
nated with B. strain 19, with Brucella 
agglutinin titers of 1:25 to 1:6400 obtained from 
the Wisconsin State Department of Agriculture, 
Disease Control Laboratory; Dr. H. L. Gilman, 
Cornell University; Dr. N. B. King, Ohio Agriecul- 
tural Experiment Station; and Dr. H. 8S. Bryan, 


were 
from vacei 
abortus, 


University of Illinois. Approximately 95 per cent 
of the samples were from the Disease Control Lab 
oratory, and histories of the donors were not avail 
able. The samples which were obtained from Dr. 
University of Wisconsin, 
from eattle that had 
posed to virulent Brucella. 

2) Samples from 200 nonvaccinated cattle with 
Brucella titers of 1:200 to 1:6400 were obtained 
from the Wisconsin Disease Control Laboratory. 
Nineteen bacterio- 


Berman, were 


vaccinated never been ex 


serums from nonvaccinated, 
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logically positive cattle with titers of 1:100 were 
provided by Dr. D. T. Berman. 

3) Samples were eyllected by Dr. Berman from 
32 strain 19 vaeecinates, 50 Huddleson M vacci- 
nates and 34 nonvaccinated controls from the 
University of Wisconsin Brucellosis Vaccination 
Project. The samples were collected bimonthly or 
monthly during the period of fourteen days to 
four months following exposure to B. abortus, 
U.8S.D.A. strain 2308. These animals were repre- 
sented by 740 tube agglutination-test readings. 

4) Seven serum samples, whieh were known to 
contain the nonspecific Brucella agglutinating fae- 
tor, were obtained from Dr. W. R. Hess, Univer- 
sity of Minnesota. Two samples from Brucella 
reactors that were persistently uegative bacterio- 
logically, following vaccination with strain 19, 
were included. One of these samples contained 
only the nonspecific factor, while the other 
contained both the specific and nonspecific 
components. 

5) A partially purified preparation of the non- 
specific globulin fraction was obtained from Dr. 
Hess. This protein was added to negative bovine 
serums to produce nonspecific agglutinin titers of 
1:100 to 1:400. 


RESULTS 


Of the 1,333 serum samples from cattle 
vaccinated with strain 19, 1,003 showed a 
depression in Brueella agglutinin titer 
when the tests were incubated at 56 C. as 
contrasted to the titers obtained at 37 C. 
At least a 1-tube dilution depression of ti- 
ter was observed for 1,029 samples. The 
titers of seven samples were depressed 4 to 
5 dilutions, 28 samples were depressed 3- 
to 314-tube dilutions, 295 samples were 1- 
to 114-tube dilutions lower, while 304 sam- 
ples remained within !%-tube dilution of 
the titer obtained at 37 C. 

On the basis of the results of the agglu- 
tination test obtained at 37 C., 727 serums 


were classified in the suspect group (titers 
of complete at 1:50 to incomplete at 
1:100). When the serums of these cattle 
were tested at 56 C., 679 became negative 
(1:25 or less), while 48 remained suspects. 
Of 252 serums in the reactor group at 37 
C. (1:100 or higher), 51 became negative, 
68 were suspects, and 133 remained 
reactors, 

Very few of the serums with titers of 
1:25 to 1:50 at 37 C. gave evidence of ag- 
glutination at 56 C. Approximately 50 per 
cent of the serums with titers of 1:100 
gave reactions of 1:50 to 1:100 at 56C. 
Titers of 1:200 to 1:400 generally re- 
mained at the 1:50 level or above. At the 
1:800 level and higher, the titers were sta- 
bilized and depressions were not observed 
(table 1). 

Titer depressions were observed with 
some serums from the 19 nonvaceinated 
cattle reacting at 1:100. Seven of these 
serums gave titers of 1:50 at 56C., while 
the remainder still retained titers of 1:100. 
Titers in the 1:200 to 1:6400 range re- 
mained at these levels during incubation 
at 56C. The changes in the observed ag- 
glutinin level of the serums would not 
alter the classification of the cattle with 
the exception of the seven serums which 


were depressed from 1:100 to 1:50 (table 
» 


Serums from cattle exposed to virulent 
Brucella fifteen days to four months prior 
to sampling showed a definite tendency to 
retain titer at 56 C. This situation was evi- 
dent for serums with 1:25 to 1:50 titers. 
Titers of 1:800 to 1:6400, in general, were 
not influenced by the higher temperature 
of test incubation (table 3). 


TABLE 1—The Effect of Incubation Temperatures of 37C. and 56C. Upon the Results of the 
Tube Agglutination Test of Serums from Cattle with Unknown Histories Officially Vaccinated 


with Brucella Abortus, Strain 19 


37 ©. for 48 hours 


No. samples giving titers of 


56 C. for 16-20 hours 


Serums 
giving a 
reduced titer 


No. of 1 tube or 
samples Titer N 1:25 Ii: 750 11:100 1:100 1:200 1:400 greater (%) 
354 I* 1:25-1:25 23 26 92.4** 
311 I 1:50 282 72 7 74.6 
281 1:50 181 85 fa 7 69.9 
135 I 1:100 51 in 11 20 5 81.5 
73 1:100 19 21 i) 20 1 3 82.2 
55 I 1:200—1 :200 6 1 3 19 4 7 14 60.0 
89 [ 1:400-1:400 4 5 5 2 12 10 51 31.5 
12 1:800 All samples 1:800 at 56 C. 
15 1:1600 All samples 1:1600 at 56 C 
4 1:3200 All samples 1:3200 at 56 C. 
4 1:6400 All samples 1 :6400 at 56 C. 


I—incomplete or partial agglutination at the designated dilution; ** represents ‘-tube dilution or greater. 


N—negative at 1:25 serum dilutions. 
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A comparison of test results obtained 
with serums.from cattle that were bacterio- 
logically positive and bacteriologically 
negative did not show significant differ- 


TABLE 2—The Effect of Incubation Tempera- 
tures of 37 C. and 56 C. Upon the Results of the 
Tube Agglutination Test of Serums from Non- 
vaccinated Brucella Reactors with Unknown 


Histories 
Serums 
giving a 
37 ©. for 48 hours, 56C. for 16-20 hours TP of 
~ — —— 
No. No. dilution 
samples Titers samples Titers (%) 
19* 1:100 7 1:50 
1 I**1:100 
11 1:100 81.1 
8 11;:200 8 1:200 0 
4 11:400 4 I: :400 0 
44 1:400 44 1:400 0 
6 11:800 6 11:800 0 
34 1:800 3 1:400 
31 1:800 8.8 
4 11:1600 4 1:800 0 
41 1:1600 41 1:1600 0 
8 11:3200 x 11 :3200 0 
46 1:3200 6 1:1600 13.0 
40 1:3200 
:6400 5 1:6400 0 


5 1 


Nineteen samples from nonvaccinated cattle exposed 
to Brucella Abortus, U.8.D.A. strain 2308. 

I—incomplete agglutination at designated serum di- 
lution. 


ences between the two groups at the 1:25 
and 1:50 levels. However, with titers of 
incomplete or partial at the 1:100 and 
complete at the 1:100 dilutions, some dif- 
ferences were observed. Fewer iiter de- 
pressions resulted in the group of bacterio- 
logically positive cattle (table 4). 

Serums, which contained the nonspecific 
agglutinating factor, gave evidence of titer 


depression when the tests were incubated 
at 56C. The titers in the 1:50 to 1:100 
range were depressed to incomplete at 
1:25 or negative. A serum, containing both 
specific and nonspecific components, with 
a titer of 1:200 at 37C. was reduced to 
1:100 at 56C. (table 5). 

Negative serum samples fortified with 
the partially purified nonspecific globulin 
component gave titers of 1:100 to 1:400 at 
37 C. At 56C. evidence of agglutination 
was not observed with these samples 
(table 5). 

Discussion 

There seems to be little question but that 
the blood of some cattle contains a non- 
specific agglutinin in readily detectable 
quantities for Brucella cells and that this 
agglutinin is unrelated to brucellosis. 
There is also some evidence that the quan- 
tity of such agglutinins varies widely in 
the blood of individuals from time to time. 
It is possible that all cattle have the poten- 
tial to produce this nonspecific agglutinin ; 
indeed, the blood of essentially all cattle 
may contain the agglutinin but not in de- 
tectable amounts. What triggers the pro- 
duction of appreciable amounts of nonspe- 
cific agglutinin is not fully established. 
Because the agglutinin is unrelated to bru- 
cellosis, it is probable that it results in 
some false positive reactions among cattle. 

A review of table 5 reveals that virtually 
all of the nonspecific agglutinin in partly 
purified globulin was rendered inactive by 
incubation at 56C. There is considerable 
question of how and under what physical 
conditions the nonspecific agglutinins are 


TABLE 3—The Effect of Incubation Temperatures of 37 C. and 56C. Upon the Tube Agglutina- 
tion Test of Serums from Cattie Following Exposure* to Virulent Brucella (U.S.D.A. Strain 


37 C. for 48 hours 


2308) 


56 C. for 16-20 hours 


No. samples giving titer of 


Serums 

giving a 
reduction of 
1-tube dilution 


No. or greater 
samples Titer N 1:25 11:50 1:50 11:100 1:100 1:200 1:400 1:800 (%) 
104 I**1:25-1:25 69 35 
25 11:50 3 13 12.0 
95 1:50 10 23 9 53 34.6 
33 11:100 1 2 17 13 9.7 
92 1:100 4 1 42 5 40 51.1 
99 1:2007 1 5 20 73 26.3 
115 1:400 1 10 7 87 20.9 
96 1:800 95 1.0 
45 1:1600 All samples 1:1600 at 56 C. 0 
7 1:3200 All samples 1:3200 at 56 C. 0 
7 1:6400 All samples 1 :6400 at 56 C. 0 


* Sampies taken at bimonthly or monthly intervals from fifteen days to four months following exposure; ** I— 
incomplete agglutination at the designated dilution level; * incomplete reactions considered as complete reactions at 


titers 1:200-—-1:800; ft represents 
N—negative at 1:25 dilution. 


tube dilution or greater. 


| 
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inactivated at given temperatures. Under 
the conditions of this experiment, they 
were largely inactivated at 56C. This in- 
activation fits into an over-all picture in 
this experiment as discussed here. 

It was found that incubation at 56 C. 
depressed the agglutination titer of many 
serums one dilution or more, especially in 
low titer serums, when comparisons were 
made with the usual tube agglutination 
test incubated at 37C. For purposes of 
diseussion, depression of titer one full di- 
lution is usually taken as significant. 

Among vaccinated cattle, there was a de- 
pression of titer on incubation at 56 C. in 
many serums having titers of 1:400 or less 
but no depression of titers in serums hav- 
ing titers of 1:800 or above (table 1). 

A like situation was found among unvac- 
cinated cattle, but there were a few serums 
having titers of 1:800 whose titers were 
moderately depressed when the test was in- 
cubated at 56 C. (table 2). 

When the percentages of depressed ti- 
ters among vaccinated cattle (table 1) 
were compared with the percentages of de- 
pressed titers among unvaccinated cattle 
(table 2), a startling difference was seen. 
At the 1:100 dilution among vaccinated 
cattle, the percentage of depressed titers 
was 82.2 whereas among unvaccinated cat- 
tle the percentage was 31.1—-a difference 


TAB UE 4—The Effect of Incubation Tempera- 
tures of 37 C. and 56 C. Upon the Results of the 
Tube Agglutination Test of Serums from 
Cattle Exposed to Virulent Brucella (U.S.D.A. 

Strain, 2308) 


Serums 
37 C. for 48 hours giving % -tube 
— dilution drop 
No. No. or greater 
samples Titers samples Titers (%) 


56 C. for 16-20 


BACTERIOLOGICALLY Positive Cows 


23 I**1:100 11 11:100 52.2 
12 1:50 
53 1:100 33 1:100 37.7 
2 11:100 
18 1:50 
BACTERIOLOGICALLY NEGATIVE Cows 
9 I 1:100 1 11:100 88.9 
5 1:50 
2 11:50 
1 1:25 
39 1:100 7 1:100 82.1 
3 11:100 
24 1:50 
1 11:50 
4 1:25 


* Samples taken at bimonthly or monthly intervals 
from fifteen days to four months following exposure; 
** I—incomplete agglutination at designated serum di- 
lution. 


TABLE 5—Comparison of Incubation Temper- 

atures of 37C. and 56C. Upon the Tube Agglu- 

tination Test Using Serums Containing the 

Nonspecific Brucella Agglutinating Factor of 
Hess and Roepke 


37 C. for 48 hours 56 C. for 16-20 hours 


No. No. 
samples Titer samples Titer 
1 1*1;25 Negative 
1 1:25 1 11:25 
3 I 1:50 1 Negative 
2 11:25 
2 1:50 2 Negative 
1 I 1:100 1 11:25 
1** 1:200 1 1:100 


NORMAL SERUM FORTIFIED WITH PARTIALLY 
PURIFIED FACTOR 


5 1:100 to 1:400 5 Negative 


* Incomplete agglutination of antigen at designated di- 
lution; ** Sample contained both specific and nonspecific 
factors. 


of 51 percentage points. Again, the titers 
of serums of vaccinated cattle that reacted 
at 1:400 with the usual tube agglutination 
test were depressed one dilution or more 
when incubation was at 56C. in 31.5 per 
cent of the cases, whereas none was de- 
pressed among the nvaccinated group at 
this level. Once more a difference was evi- 
dent in the serums of vaccinated cattle 
when such serums were compared to those 
of the unvaccinated. Reference to this dif- 
ference has been published.*® 

Should the difference be due to nonspe- 
cific agglutinins and to other agglutinins 
resulting from vaccination, one would ex- 
pect numerous false positive reactions, as 
presently interpreted, among vaccinated 
cattle free of brucellosis. 

Before consideration of other results of 
this experiment, it may be well to search 
for a possible explanation for the marked 
depression in titers of the serums giving 
low values when incubation was at 56C. 
as compared to the little or no depression 
of high titer serums under like conditions. 
It seems obvious that this depression of 
titer by incubation at 56 C. is not a simple 
process which affects an identical sub- 
stance—certainly not a single type of ag- 
glutinin produced only by natural infee- 
tion since nonspecific agglutinins have 
been demonstrated and since vaccination 
produces agglutinins. Every titer in these 
cows was not the result of natural expo- 
sure. Rather, it would seem that a part of 
the explanation lies with the nonspecific 
agglutinin. Nonspecific agglutinins do not 
often cause a high agglutination titer. In 
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the high titer serums, the nonspecific ag- 
glutinin usually would be diluted so that 
it would have very little effect on the final 
interpretation regardless of whether the 
incubation temperature was 37 C. or 56C. 
It is possible that the agglutinins for 
Brucella are additive; that is, each one, re- 
gardless of type, is added to others to in- 
fluence titers. Thus, a serum sample may 
have a titer of 1:50 because of nonspecific 
agglutinins. If the cow from which the 
sample came had been vaccinated and had 
persistent vaccination agglutinins to cause 
a 1:50 reaction, the final titer for such se- 
rum sample would be 1:100, a false posi- 
tive reaction. If, in addition, the cow were 
naturally infected and the infection had 
produced a titer of 1:100, her over-all titer 
then would be 1:200. Thus, it is important 
to know whether or not the incubation 
temperature of 56C. inactivates the non- 
specific agglutinin and to what degree, if 
any, such temperature inactivates vaccina- 
tion and natural infection agglutinins. 
Of the 116 cows represented in table 3, 
82 per cent had been vaccinated as calves 
or young adults, while the remainder were 
not vaccinated. All were eventually ex- 


posed to virulent Brucella infection. It 


must be understood that about 40 per cent 
did not become infected. The vaccinated 
and the unvaccinated, the infected and the 
uninfeeted are all grouped together in 
table 3. Once more, as previously found 
among the animals represented in table 1, 
there was a considerable reduction in titer 
of many samples, especially the lower ti- 
ters when incubation was at 56 C., but the 
percentage of reduced titers was not so 
great as among a random sample of vacci- 
nated cows. This difference might be at- 
tributed to the fact that the tissues of all 
cows represented in table 3 came into con- 
tact with living, virulent Brucella, whereas 
all in table 1 did not. 

In table 4, the serums from a group of 
cows that became infected following expo- 
sure are compared with a group that ap- 
parently did not. In casual examination of 
the results, one does not observe much dif- 
ference between the infected and the ap- 
parently uninfected but percentagewise 
there is a marked difference. With the 
1:100 serums from infected cows, there 
was 2 reduction of titer in 36 per cent of 
the samples with incubation at 56 C., while 
with the 1:100 serums from cows bacterio- 
logically negative, there was a reduction of 


titer in 75 per cent of the samples. Thus, 
in these experiments, the serums of in- 
fected cows differed from the serums of 
uninfected cows even as the serums of vac- 
cinated cows differed from that of non- 
vaccinated ‘‘infeeted’’ cows. 


CONCLUSION 


Incubation of the tube agglutination test 
for bovine brucellosis at a temperature of 
56 C. resulted in a decrease of titers of 
serums from many suspect and ‘‘low re- 
actor’’ cattle but rarely reduced the titers 
of serums that reacted in high dilution. 

Reduction in titer was more pronounced 
with serums from vaccinated animals than 
from unvaccinated animals. 

Suggestive evidence is presented that 
such ineubation temperature inactivates 
the nonspecific agglutinin to a marked de- 
gree and that some of the agglutinins re- 
sulting from vaccination or natural infec- 
tion are also affected. The evidence is also 
suggestive that percentagewise the agglu- 
tinins resulting from vaccination are more 
affected by such temperatures than are 
those due to natural infection. 
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Biology and Pathugenicity of Eimeria Alabamensis 
Christensen, 1941, an Intranuclear Coccidium 
of Cattle 


LEONARD R. DAVIS, Ph.D.; DONALD C. BOUGHTON, Ph.D.; 
GEORGE W. BOWMAN 


Auburn, Alabama 


ALTHOUGH naturally acquired coccidial in- 
fections in cattle usually involve several 
species of Eimeria, satisfactory elucidation 
of the nature of such infections requires 
information concerning the characteristics, 
especially the potential pathogenicity, of 
the individual species involved. The pres- 
ent paper supplies such information for 
Eimeria alabamensis Christensen, 1941. 


MATERIALS AND METHODS 


The cattle examined in these tests were various 
breeds and grades of dairy animals, with the Jer- 
sey being predominant. Care of the calves at this 
laboratory has been described.’ Rectal samples of 
feces were obtained in order to prevent extranecus 
contaminations. Estimates of the relative numbers 
of oocysts were made by Boughton’s* modification 
of Christensen’s sugar-flotation method. In the 
present work, oocyst output was divided arbitra- 
rily into two classes, based on the number of 
oocysts per loopful, irrespective of the total fecal 
discharge involved, as follows: (1) ‘‘low,’’ less 
than 1,000; and (2) ‘‘high,’’ over 1,000 per 
loopful. Sinee the oocyst counts on samples from 
the hosts of various ages were based on a stand- 
ard rather than a proportionate volume of feces, 
it follows that the counts on samples from large 
ealves and adult cattle actually represent rela- 
tively more oocysts than do counts on those from 
small ealves. For this reason, in table 2, the 
‘mean weighted oocyst counts’’ were obtained by 
multiplying the number of oocysts in 1 loop 
from the sugar flotation by various factors repre- 
senting fecal volume of the different age groups. 
These factors were obtained by comparing the 
average weights of 24-hour collections of feces 
from the specified age groups of eattle at this 
laboratory. 

The methods of sporulation and preparation of 
the oocysts for inoculations were described by 
Boughton.” The inoculations were made by giving 
water suspensions through nipples to suckling 
ealves and as a drench to older animals. With the 
exception of a few extremely heavy inoculations 
listed in table 4, the numbers of sporulated 
oocysts administered varied between several thous- 


From the Regional Animal Disease Research Labora- 
tory, Agricultural Research Service, U. 8S. Department of 
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Dr. Boughton resigned April 27, 1945. 


ands and approximately 200 millions. The infee- 
tive material was usually given at one time, but 
in a few instances when the volume was relatively 
large, more than one administration was required, 
all the material being given within less than 12 
hours. Daily feeal examinations were made for at 
least three weeks following inoculation. 

Oocysts were prepared for sporulation studies 
by using water pressure to force them through a 
were three times in tap 
water and then centrifuged to floating 
material and water. A siphon was used to remove 
oocysts floated to the surface of saturated sugar 
solutions. The sugar was removed by washing and 
centrifugation and the water was replaced by 2 
per cent potassium dichromate solution. A drop 
of the resulting suspension was placed on each of 
12 cover slips supported on rubber stoppers above 
a layer of distilled water in a covered glass dish, 
thus reducing evaporation. A cover slip was re- 
moved each day for examination. Room tempera- 
tures were used. 


60-mesh sieve, washed 


remove 


INCIDENCE OF INFECTION 

This species was first reported by Christensen ' 
as occurring in small or moderate numbers in the 
feces of several healthy calves in the vicinity of 
this laboratory. Since that time, the present writ- 
ers have found oocysts of E. alabamensis in sev- 
eral of the southeastern states and have studied 
the species experimentally in the laboratory. It is 
difficult to say to what extent E. alabamensis has 
been observed by other workers. In their study of 
bovine coccidia in Pernambueo, Brazil, Torres and 
Ildefonso Ramos* showed photomicrographs of 
oocysts in their figures 2 and 3, labelled Eimeria 
zurnii. These oocysts were morphologically similar 
to £. alabamensis. Their descriptions of zurnii 
show that they recognized two shapes and sizes, 
the long ones being too large to be #. zurnii but, 
in our opinion, falling within the size range of 
is. dlabamensis. 

Dairy cattle in the southeastern United 
States, the region to which the present ob- 
servations were confined, are commonly 
parasitized by E. alabamensis. The inei- 
dence in dairy calves was found to be high, 
as determined by a weekly survey of indi- 
vidual animals in representative herds. 
The records on calves 1 to 5 months old in 
six of these herds are shown in table 1. 
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The inciderce appears to be lower, natu- 
rally, when it is based upon only one ob- 
servation per animal. For example, only 
34 of 135 animals (24.4%) from which 
only one fecal examination was available 
were positive for E. alabamensis. At least 
1 calf was found positive in each of 26 
herds from which one or more examina- 
tions on at least 5 animals were available. 


INFECTION AND AGE or Host 


Under field conditions, Eimeria ellipsoi- 
dalis is usually involved in the earliest coc- 
cidial infections of young ealves.* Eimeria 
alabamensis usually is not found until 
later. The apparent preference for older 
calves on the part of the latter species is 
illustrated in table 2, in which comparisons 
are made with E. ellipsoidalis for specified 
host age groups. The figures in the table, 
including the percentages of samples posi- 
tive for oocysts as well as the comparative 
numbers of oocysts discharged, show that 
E. alabamensis was relatively rare in 
calves 3 to 9 weeks old and relatively com- 
mon in calves 3 to 9 months old. Eimeria 
ellipsoidalis, on the other hand, was found 
frequently and in the largest numbers in 
calves 3 to 12 weeks old. 

In daily examinations of 20 naturally 
exposed calves at this laboratory, Davis 
and Bowman found that E. alabamensis 
oceurred in 17 of the calves before they 
reached the age of 3 months; the earliest 
initial appearance was at 18 days of age, 
with an average initial appearance at 48 
days. 

In experimental inoculations the authors 
have observed that infections with EZ. ala- 
bamensis were established less readily in 
very young calves than in those at least 3 
or 4 weeks old. This has also been the case 
in work involving simultaneous inocula- 
tions with other species of coccidia that de- 
velop as well in the very young as in the 
older calves. The following example is 
drawn from a previous study on sulfa- 
guanidine therapy.’ In one experiment, 12 
calves 8 to 26 days old were given equiva- 
lent portions of an inoculum containing 
sporulated oocysts of E. alabamensis, Ei- 
meria bovis, and other species. Six of the 
12 were not treated during the prepatent 
period of E£. alabamensis and their reac- 
tions to infection with this species are of 
interest here. Three of the 6 developed a 


TABLE i—incidence of Eimeria Alabamensis 

in Young Dairy Calves in Representative 

Herds in the Southeastern United States, 
Based on Weekly Examinations 


Calves positive 
(No.) (%) 


Calves examined 
(No.) 


5 
1 
1 


Total 102 


significant discharge of E. alabamensis 
oocysts; these calves were 12, 22, and 23 
days old, respectively, at the time of the 
inoculation. The remaining 3 failed to de- 
velop an infection; these calves were 8, 8, 
and 14 days old, respectively, when inocu- 
lated. Of the original 12 calves in the ex- 
periment, 3 were protected by the drug 
treatment, but the remaining 9 all devel- 
oped clinical coccidiosis due to E. bovis, 
indicating that the latter species in this in- 
stance was able to develop successfully in 
hosts of all ages tested. 

The tendency for young calves to be- 
come infected less readily than older ones 
is indicated also by the results of the 51 
initial inoculations observed in the present 
study (table 3, first inoculations). In all 
eases, the particular inoculum employed 
was known to have produced at least one 
simultaneous, clear-cut infection. In calves 
under 3 weeks of age, 13 of the 20 inocula- 
tions failed to result in large oocyst dis- 
charges; in 8 calves no oocysts were demon- 


TABLE 2—Incidence and Relative Numbers of 

Oocysts of Eimeria Alabamensis and Eimeria 

Ellipsoidalis in Fecal Samples from Dairy Cat- 
tle of Specified Ages 

Mean weighted 


oocyst count* 
(thousands) 


Percentage 
samples 


No. positive for 


Age samp. E. BE. E. 
group exam. ala. ellips. . ala, ellips. 


7.1 
46.9 
60.4 
63.9 
51.3 
52.2 
56.9 
42.4 
20.1 
23.4 


1—3 weeks 211 
3—6 weeks 336 
6—9 weeks 326 
weeks 244 
3—4.5 months 454 
4.5—6 months 251 
6—9 months 195 
9-12 months 99 
1—2 years 119 
2+ years 107 


onoo 


Ses 


& 


& 


* The weighted oocyst counts for samples from hosts 
of the specified age groups were obtained by multiplying 
the number of oocysts in 1 loop from the sugar flota 
tion by 1, 2, 4, 6, 10, 30, 50, 90, 100, and 100, 
respectively. 


275 
4 0 48 96 
B 5 14 93 
Cc 5 14 93 
Dd 9 7 78 
E 7 6 86 
F 6 6 100 
0. 0 0.0 
0 1.6 
1 1.9 
5 2.3 
7 0.6 
1 0.5 
7 0.7 
4 0.6 
4 0.2 
1 0.1 
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strated by flotation. In calves in the older 
groups, only 5 of the 31 initial inoculations 
failed to elicit a high oocyst response. 


PREPATENT AND PaTENT PERIODS 


In determining the prepatent and patent 
periods, 109 inoculations were made with 
37 eultures of fecal material containing 
sporulated oocysts of E. alabamensis, often 
in association with other species of bovine 
coccidia. In all instances reported here in 
which an inoculation resulted in no infec- 
tion, the ability of the inoculum to produce 
infections was demonstrated by simultane- 
ous inoculations that produced infections 
in at least one other calf or adult cow. 

The results, which are presented in table 
3, may be summarized as follows: 

1) Prepatent period (interval between 
time of inoculation and first appearance of 
oocysts in the feres) in 21 low-grade infec- 
tions: average, 8.6 days; range 6 to 11 


days; 72 heavy infections: 8.0 
days; range 6 to 13 days. 

2) Patent period (interval during which 
oocysts continue to be discharged) in 21 
low-grade infections: average, 4.6 days; 
range 1 to 10 days; 72 heavy infections: 
average, 7.2 days; range, 1 to 13 days. 

3) Period of heavy oocyst discharge in 
72 heavy infections: average, 3.9 days; 
range, 1 to 9 days. 


average, 


SUSCEPTIBILITY TO REINFECTION 


Davis and Bowman °* reported that daily 
examinations of 20 calves at this labora- 
tory exposed to natural contamination re- 
vealed that, of the 17 which showed infee- 
tion with E. alabamensis, all became 
reinfected during the ninety-day test, as 
evidenced by peaks of oocysts discharged. 
The fact that oocysts of E. alabamensis 
were encountered in over 20 per cent of all 
fecal samples from dairy cattle 6 weeks to 


TABLE 3—Prepatent Periods and Patent Periods in Low-Grade and Heavy Experi- 
mental Infections and Periods of High Count in Heavy Experimental! Infections with 


Eimeria Alabamensis in 


Prepatent period 


Hosts of Specified Ages 


Patent period Period of high 


days) (days) count (days) 
lation response cases range average range average range average 
Hosts LESS THAN 3 WEEKS OLD 
Negative 
lst Low 5 6-11 8.4 1-8 3.8 
High 7 6-9 7.8 1-9 5.1 1-6 3.1 
Hosts 3 WEEKS TO 3 MONTHS OLD 
Negative 
lst Low 5 8-10 8.6 2-10 5.2 
High 20 6-9 7.8 3-10 5.5 1-7 4 
Negative 0 
2nd Low 0 
High 9 7-9 8.0 4-8 6.2 1-7 4.3 
Negative 0 
Other Low 0 
High 2 8-8 8.0 10-12 11.0 1 3.5 
Negative 0 
Ail Low 5 8-10 8.6 2-10 5.2 
High 31 6-9 7.9 2-12 6.1 1-7 3.6 
Hosts 3 MONTHS TO 3 YEARS OLD 
Negative 0 
Ist Low 0 
High 6 6-10 7.5 1-13 7.5 1-5 3.7 
Negative 1 
2nd Low 2 -12 10.0 5-9 7.5 
High 12 —1i 7.9 4-13 8.7 1-6 4.1 
Negative 7 
Other Low 9 6-11 8.5 1-10 4.1 
High 16 7-12 8.6 4-13 9.2 1-9 4.8 
Negative 
All Low 11 6-12 8.8 1-10 4.7 
High 34 6-13 8.1 1-13 8.7 1-9 4.4 
OF ALL AGES 
Negative 16 
Low 21 6-11 8.6 1-10 4.6 
High 72 6-13 8.0 1-13 7.2 1-9 3.9 


3 
4 
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2 years old (table 2) suggests that reinfee- 
tion with this species also occurs fre- 
quently in the field. The results of re- 
peated experimental inoculations confirm 
this supposition by demonstrating that a 
given animal may be infected several 
times. 

As shown in table 3, 58 of the 109 inocu- 
lations represented the second or subse- 
quent attempts to induce an experimental 
infection in individual animals. The 58 
inoculations resulted as follows: 39 clear- 
cut infections; 11 low-grade infections; 
and 8 animals in which no oocysts were de- 
tected by flotation. It is of interest that 
nine of the low-grade and seven of the neg- 
ative responses followed the third and sub- 
sequent (‘‘other’’) inoculations in hosts 
over 3 months old. 

The individual records of 7 animals in- 
oculated experimentally with oocysts of E. 
alabamensis on two or more occasions are 
presented in table 4 to illustrate the results 
obtained by repeated inoculations with 
this species. In some animals (for example, 
No. 31 at 84 days) the inoculum was given 


No. Oocyst 


Host Age Inoculation Inoculum (approx. ) 
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in five to ten administrations over a five- 
day period.* The results may be summar- 
ized as follows: 

1) A series of separate inoculations ex- 
tending over several months ordinarily 
produced two or more clear-cut infections. 

2) As many as four inoculations were 
given in some instances before the host 
failed to respond with an infection detect- 
able by flotation. 

3) When the inoculum was fed over an 
interval of five days, the patent period 
tended to be longer than when the infec- 
tive oocysts were given all at one time. 


PATHOGENICITY 


Eimeria alabamensis was not the chief 
species involved in any of the numerous 
naturally acquired clinical cases of bovine 
coccidiosis observed by the writers in the 
southeastern states. Whenever the oocyst 
discharge was made up largely of oocysts 
of this species, no marked symptoms were 
present. Under field conditions, therefore, 


* The results of such exposures are not included in 


table 3. 


TABLE 4—Susceptibility of 7 Cows at Various Ages to Reinfections with Eimeria 
Alabamensis 


Days after first day of inoculation 


(No.) (days) dates (No.) (thousands) 6 7 8 9 10 11 12 18 14 15 16 17 18 19 20 21 
48 3/29/39 A 5 
417 4/2/40 B 900 
453 5/8/40 Cc 10,000 
517 9/3/40 D Heavy* 
84 7, 25-29/40 E 300 
124 9/3-5/40 F Light 
85 4/2/40 B 900 
121 5/8/40 Cc 10,000 
239 9/4/40 D Heavy + + + 4 
331 12/4/40 G Heavy No response 
414 2/26/41 H 3,000 + (died from other causes) 
163 7/25-29/40 E 300 
456 5/14/41 I 500,000 
525 7/22/41 J 3,000,000 
650 11/24—27/41 K Heavy - 
693 1/7-—8/42 L 140,000 No response 
774 3/28/42 M Heavy _-- - 
912 8/14/42 N 496,500 No response 
68 9/25/40 0 Heavy t + + 
83 10/10/40 Oo Heavy + + 
138 12/4/40 oO 33,680 — + + + ° 
221 2/26/41 H 3,000 + + 
15 9/25/40 0 Heavy _-_—- 
41 10/21/40 0 Heavy - + 
109 12/28/40 P 10,000 - ° 
5 9/25/40 Heavy = — 
31 10/21/40 0 Heavy 4 
75 12/4/40 G Heavy 
158 2/26/41 H 3,000 + + + + 

* Several million; — negative for oocysts of E. alabamensis; .low numbers of oocysts; + high numbers of 


oocysts: blank spaces, no record. 


hotomicrographs by L.R.D. 


> 


F 
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it appears that E. alabamensis may be con- 
sidered as essentia'ly nonpathogenic. Like- 
wise, in the course of the work reported 
here, many of the infections indueed ex- 
perimentally were asymptomatic. 

The following observations, however, il- 
lustrate the potentially pathogenic nature 
of E. alabamensis. 

The effects of feeding a very large num- 
ber of E. alabamensis oocysts to calves 1 to 
3 months old may be illustrated by data re- 
corded in a previous publication (Bough- 
ton, experiments 1 and 2). Five calves, 
each of which had been inoculated four 
weeks previously with approximately 17 
million sporulated oocysts of E. alabamen- 
sis (together with twice this number of 
oocysts of other species) and had received 
daily doses of sulfaguanidine for at least 
three weeks, were each given a challenge 
inoculation of 200 million oocysts of £. 
alabamensis. In spite of the fact that 4 of 
the 5 calves had discharged large numbers 
of E. alabamensis oocysts as a result of the 
first infection, the challenge inoculation 
produced clinical coccidiosis in all 5 calves. 
Within five days after the challenge inocu- 
lation, all calves developed a severe diar- 
rhea, the feces being yellowish in color 
and possessing a characteristic acrid odor. 
The animals became thin. Two of the 5 
died, 1 on the eighth and 1 on the four- 
teenth day after the first day of the three- 
day inoculation period. In the first calf 


to die, the lower half of the small intestine 
was hyperemic; the enteritis was associ- 
ated with massive tissue involvement with 
merozoites and gametocytes (fig. 2, 3, 4). 
In the second calf, only the last 3 feet of 
the ileum showed enteritis and only a few 
parasites remained in the tissue (fig. 1) ; 
the majority were within 1 foot of the ileo- 
cecal valve. In the calves that lived be- 
yond the eighth day, myriads of oocysts 
were produced and discharged. 

Another attempt to produce clinical coc- 
cidiosis with EZ. alabamensis in older ani- 
mals was made as follows: A steer (No. 
103) and a heifer (No. 105), which had 
been held since calfhood in stanchions 
under such conditions that exposure to 
oocysts had been reduced to a minimum, 
were each inoculated on two consecutive 
days with 140 million sporulated oocysts 
of E. alabamensis when the animals were 
14 months old. Similar quantities from the 
same suspension of infective oocysts were 
given simultaneously to 2 females that pre- 
viously had been exposed to contaminated 
feedlots and were known to have experi- 
enced at least one clear-cut experimental 
infection; 1 of these (No. 53) was approxi- 
mately 2 years old and the other (No. 151) 
a little over 7 months. 

The 2 previously unexposed animals 
developed severe infections. In the steer 
(No. 103), the chief manifestations were a 
softening of the feces toward the end of 


Legends for Illustrations on Opposite Page 


Fig. 1—Surface view of a swollen tuft of Eimeria alabamensis parasitized villi (A) in 


ileum of calf eight days after infection. 


shallow covering of water. 


Formalin-fixed tissue, photographed through 


x 7. 


Fig. 2—Severe artificial infection of ileum of calf. Nearly all villi in a 20-foot length of 
intestine were parasitized. Formalin-fixed tissue, photographed through shaliow cover- 
ing of water. x7. 


Fig. 


3—Cross section of intestine shown in figure 2, showing (A) edematous villi, (B) 
leukocyte infiltration, and (C) parasitemia of epithelium. 


x 94. 


Fig. 4—Enlarged view of same area shown in figure 3, showing parasitic destruction of 
epithelium (A). x 302. 


Fig. 


5—Fresh wet-mount of edge of crushed villus from tuft in figure 1, showing nearly 


mature oocysts (A). x 560. 


Fig. 6 to 10—Sporulation of Eimeria Alabamensis Oocysts, x 2170 
Fig. 6—Fresh oocyst. 


Fig. 


7—Three days of sporulation, showing ring of refractile granules (A), giving beaded 


appearance. 


Fig. 


8—Five days of sporulation, showing parachute-shaped cap at each end of sporont 


(A) cap, (B) sporont. 
Fig. 9—Six days of sporulation, sporozoites (A) nearly mature. 
Fig. 10—Seventh day, with mature sporozoites in each sporocyst. 
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the prepatent period and an extremely 
heavy oocyst discharge from the ninth 
through the thirteenth day after the first 
day of inoculation. The heifer was much 
more seriously affected. The diarrhea 
which appeared on the fifth day after in- 
oculation and continued through the early 
part of the patent period was similar to 
that seen in the clinical infections in calves 
described above. The discharges were wa- 
tery, yellowish green, and had a sharp 
acrid odor. The amount of bloody mucus 
was less than is characteristic of clinical 
infections with either FE. zurni or E. bovis. 
The heifer (No. 105) went off feed for two 
days and was down for twenty-four hours. 
The liquid intestinal discharges contained 
masses of oocysts of E. alabamensis on the 
eighth day after inoculation. Enormous 
numbers of oocysts were present in the 
feces, which gradually became less fluid, 
through the eleventh day; small numbers 
were present on the twelfth and thirteenth 
days, after which the flotations became 
negative for oocysts. The animal recov- 
ered. A second heavy inoculation given 
one month following the first failed to pro- 
duce an infection, but a third heavy inoeu- 
lation six weeks after the second one re- 
sulted in a high number of oocysts on only 
the twelfth day with no diarrhea or other 
outward symptoms being shown. 

Of the 2 previously exposed animals 
(No. 53 and 151), only No. 151 was diar- 
rheic and this was limited to slight diar- 
rhea on the ninth and eleventh day. Flo- 
tations of the daily fecal samples from the 
2-year-old cow (No. 53) revealed a few 
oocysts of HE. alabamensis on the eighth 
day only (table 4). The 7-month-old heifer 
passed small numbers of oocysts on the 
ninth and eleventh days. 

It was found that the intracellular 
stages in the endogenous development of 
E. alabamensis were limited almost en- 
tirely to the nuclei of the epithelial cells 
lining the small intestine. The unusual en- 
dogenous development of this intranuclear 
coceidium will be described in another 
report. 


SPORULATION OF OocysTs 


The following observations were made 
on changes occurring at the end of each 
24-hour period until sporulation was 
completed. 


First Day.—The protoplasmic mass was 
diffused in 83 per cent of the oocysts; the 
remaining oocysts had formed a coarsely 
granular spherical sporont centrally lo- 
cated (fig. 6). When using achromatic ob- 
jectives, a greenish tint was observed in 
the granules. This color was not as evident 
while using apochromatic lenses which 
were more highly color-corrected. The cen- 
tral granular sporont averaged 12.0 » in 
oocysts which averaged 18.6 » in length. 
Out of 100 observed oocysts, one showed 
the central mass in a transverse **band’’ 
arrangement, the granules extending from 
wall to wall with sides nearly parallel and 
occupying the central third of the oocyst. 
The writers have observed this transverse 
band in greater numbers in fresh oocysts 
of Eimeria auburnensis. 

Second Day.—There was very little 
change; 88 per cent still had diffused pro- 
toplasm. In oocysts averaging 20.4 y», the 
central granular mass averaged 10.2 » in 
diameter. The sporonts of some were 
coarsely granular and had larger refractile 
granules arranged peripherally (fig. 7) to 
give the ‘‘beaded appearance’’ described 
by Christensen. Some oocysts of E£. ellip- 
soidalis in the preparation had reached the 
sporoblast stage. 

Third Day.—Sporoblasts were found in 
17 per cent of the oocysts. These bodies 
averaged 7.2 » in diameter in oocysts meas- 
uring an average of 20.5 » long. Some 
sporoblasts had elongated slightly and the 
sporocyst wall was evident. 

Fourth Day.—Oocysts still in the spo- 
ront stage had about 10 to 14 peripherally 
located coarse granules which measured 
2.1 to 3.0 w in diameter. These appeared 
to be the precursors of the ‘‘ parachute- 
shaped caps’’ described by Christensen as 
being characteristic of this species and 
which immediately preceded segmentation 
of the protoplasm into sporozoites. In 
oocysts averaging 20.6 » long, sporoblasts 
measured 6.3 » and sporocysts, which oc- 
curred in 70 per cent of the oocysts, aver- 
aged 11.9 » in length. 

Fifth Day.—In oocysts averaging 19.5 
long, a few still showed sporoblasts aver- 
aging 6.2 » in diameter, and sporocysts 
which measured 9.1 by 4.0 ». The para- 
chute-shaped caps (fig. 8A) were notice- 
able in many sporoblasts, measured 2 to 
3.5 », and had a homogeneous appearance, 
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as distinguished from the granular texture 
of the remaining protoplasm (fig. 8B). 
These caps probably formed the terminal 
globules of the sporozoites. 

Sizth Day.—Only 6 per cent of those 
undergoing sporulation were still in the 
sporoblast stage. In oocysts measuring 20.4 
» in length, sporocysts containing sporo- 
zoites measured an average of 11.6 by 4.2 
p. The majority of the sporocysts were ar- 
ranged longitudinally (fig. 9), but in a 
few oocysts, one or, in rarer cases, two 
sporocysts were turned transversely and 
rested across the longitudinal axis of the 
oocyst. 

Seventh Day.—In oocysts measuring 
20.6 » in length, sporocysts averaged 10.4 
by 4.3 », with the sporozoites measuring 
10.0 by 2.2 ». The majority of the sporo- 
cysts showed only four large hyaline gran- 
ules in the two sporozoites but some had as 
many as 11, averaging 2.1 » in diameter. 
The line of demarcation between two spor- 
ozoites in each sporocyst was only faintly 
discernible (fig. 10), as contrasted with the 
clearly defined one between sporozoites of 
E. ellipsoidalis in the same preparation. 


SUMMARY 


Eimeria alabamensis Christensen, 1941, 
a coecidium of cattle, was found in 95 of 
102 dairy calves on six farms. Under farm 
conditions, it was relatively rare in calves 
3 to 9 weeks of age and relatively common 
in those of 3 to 9 months of age, the re- 
verse of Eimeria ellipsoidalis. Artificial 
inoculations resulted in lower responses in 
very young calves than in those over 3 to 
4 weeks old. 

The prepatent period in 21 low-grade in- 
fections averaged 8.6 days, with a range of 


6.0 to 11.0 days. The patent period aver- 
aged 4.6 days, with a range of 1.0 to 10.0 
days, in 72 heavy infections. The period 
of high oocyst discharge in 72 heavy inf- 
fections ranged from 1.0 to 9.0 days, with 
an average of 3.9 days. 

In 58 attempts to reinfect calves two or 
more times there were 39 high-grade infec- 
tions; 11 low-grade infections, and eight in 
which no oocysts were found. Nine of the 
low-grade infections and seven of the neg- 
ative responses followed the third or subse- 
quent inoculations of hosts over 3 months 
old. Some hosts were reinfected as many 
as four times before failing to respond to 
inoculations. 

Under farm conditions, the species was 
relatively harmless, but when large num- 
bers of oocysts were given, E. alabamensis 
proved to be pathogenic and even pro- 
duced death on the eighth and fourteenth 
days, respectively, in 2 of 5 calves. Severe 
nonfatal infections were also produced in 
2 previously unexposed 14-month-old eat- 
tle and in 1, 2-year-old cow. 

Observations on sporulation were re- 
corded every twenty-four hours for seven 
days. The endogenous stages were found 
to be limited to intranuclear sites. 
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A Survey of the Bacteria in the Reproductive Tract of Dairy 
Animals and Their Relationship to Infertility 


JAMES J. GUNTER, M.S.; W. J. COLLINS, M.S.; JOHN OWEN, M.S.; 
A. M. SORENSEN, Ph.D.; J. W. SCALES, D.V.M.; JOHN A. ALFORD, Ph.D. 


State College, Mississippi 


THE IMPORTANCE of reproductive failures 
in cattle is recognized today as one of the 
most serious problems affecting the econ- 
omy of the cattle industry. Improved 
methods of handling semen have decreased 
considerably the importance of the bull as 
a cause of these failures, but corrective 
methods involving the female have been 
less successful. The importance of micro- 
organisms as the cause of some of this re- 
productive inefficiency has been reviewed 
by several workers.” *:*:*? In most instances, 
however, the investigators did not use sam- 
pling procedures and bacteriological meth- 
ods that would give a maximum number of 
isolations, and detailed identifications of 
the bacteria that were isolated were not 
made. 

Beaver, Boyd, and Fitech*® and later Fitch and 
Bishop ® found that the uterus of normal animals 
was usually sterile. With improved isolation meth- 
ods employing duplicate blood agar plates incu- 
bated for forty-eight hours under 10 per cent CO: 
tension and under reduced oxygen tension, Easley 
et al.® found that only 39 per cent of the ‘‘ normal 
eows’’ in a Hereford herd had sterile uteri. They 
found Micrococcus pyogenes in 26 per cent of the 
normal uteri as compared with 45 per cent in the 
repeat breeders. Lindley and Hatfield” isolated 
26 cultures in a limited survey of difficult breed- 
ers and found Micrococcus, Corynebacterium and 
Neisseria species. Hatch et al.” made a series of 
swabs from the cervix of approximately 50 diffi- 
cult breeders. They made smear plates on skim 
milk tryptose agar and incubated them for twenty- 
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four hours in a 10 per cent CO. environment with 
an additional twenty‘four hours under normal at- 
mospheric conditions. Under these conditions, about 
50 per cent of their smears were negative. The 
positive samples were either diphtheroids or gram- 
positive cocci. 

The present investigation was undertaken to de- 
termine the microbial flora of the reproductive 
tract of normal animals at the time of estrus by 
employing a special medium to maintain viability 
of organisms on the swab and employing several 
different mediums and methods of ineubation to 
obtain a maximum number of isolations. In ad- 
dition to this, the microbial picture in the uteri of 
several difficult breeders through several heat peri- 
ods was determined. 


MATERIALS AND METHODS 


The animals studied in this investigation were 
a part of the Mississippi State College dairy herd. 
This herd is free of brucellosis and no clinical or 
laboratory evidence of vibriosis or trichomonaisis 
has been observed in the experimental animals. 
The samples from lactating cows were taken at 
each heat period, beginning at the second or third 
estrus after calving and continuing until the cow 
was settled. Sampling from heifers was begun at 
the heat period prior to the one at which the 
first breeding was done. Samples from cows were 
taken in most every case from the uterus, whereas 
most of those from the heifers were from the 
cervical canal. All samples were taken approxi- 
mately midestrus. 

The apparatus employed in taking samples was 
patterned after the one designed by Frank and 
Bryner.“ The rubber tube and mouthpiece were 
omitted and all samples were taken by means of 
the swab. The rubber diaphragm over the end 
of the tube was replaced by a plug of 2 per cent 
agar. (After sterilization of the instrument inside 
a pyrex glass container, it was removed quickly 
from the container and pushed into a tube of 
sterile, solidified 2 per cent agar It was then 
returned to the glass container to maintain it in a 
sterile condition until The agar plug had 
the advantage of offering no resistance to extru- 
sion of the inner tube, thus eliminating the possi- 
bility of damage to the uterus caused by the tube 
coming out too fast or too far when the rubber 
diaphragm suddenly broke. 

To obtain the samples, the vulvas of the animals 
were wiped clean and the sampling apparatus in- 
serted into the vaginas. It was guided through 
the cervix into the rectal palpation. 
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The inner tube was then extruded 1 inch beyond 
the outer one and the swab pushed 1 to 2 inches 
beyond the inner tube. After rotating the swab 
against the inner surface of the uterus (or cervi- 
eal canal), it was withdrawn into the inner tube, 
which in turn was withdrawn into the outer tube, 
and the entire apparatus was then removed, The 
swab was rinsed immediately in 2 ml. of a sterile 
peptone-stareh broth recommended for maintaining 
viability of swab cultures. The tube of broth was 
refrigerated if the time between rinsing the swab 
and smearing the plates at the laboratory was 
longer than thirty minutes. 

After returning to the laboratory, one drop of 
the swab rinsing was placed on each of three 
blood agar plates and an eosin methylene blue 
agar (EMB) plate, and smeared over the surface 
with a sterile glass rod. One drop also was added 
to a tube of BBL (Baltimore Biological Labora- 
tory) thioglycollate medium (Brewer modified). One 
of the blood plates was incubated anaerobically in 
a Brewer anaerobic jar (employing hydrogen), one 
in an atmosphere containing 10 per cent CO, and 
the third, along with the EMB plate and thiogly- 
collate medium, was incubated aerobically. The 
incubation temperature for all mediums was 37 C. 
The EMB plates were examined after twenty-four 
hours and others after ninety-six hours. After in- 
cubation, representative colonies were picked from 
all plates and identified morphologically and physi- 
ologically. Following isolation of these colonies, 
the plates were checked for the presence of Neis- 
seria species by means of the oxidase test.” Over 
2,000 cultures were isolated and classified as diph- 
theroids, micrococci, streptococci, coliforms, or mis- 
cellaneous types. From these, approximately 400 
cultures were selected at random for detailed 
identification. 

RESULTS 

Two hundred aad sixty samples were ob- 
tained from 106 animals of which 92 were 
classed as normal breeders, based on ¢con- 
ception within the first three breedings. Of 
the 92 normal animals, 51 conceived on 
the first breeding, 29 on the second, and 
12 on the third. The animals that did not 
conceive by the third breeding were classi- 
fied as ‘‘difficult breeders.’’ 

The value of using more than one isola- 
tion procedure for bacteria is shown in 


table 1. If only one type of medium or 
environment had been used, regardless of 
which one it was, some of the samples 
would have been recorded as sterile when 
they were not. 

Thirty-eight per cent of the 201 samples 
from the normal animals were bacteriolog- 
ically sterile, whereas only 5 per cent of 
the 59 samples from the repeat breeders 
were sterile. None of the difficult breeders 
was free of bacteria on every sample, while 
22 per cent of the samples from normal 
animals were sterile (table 2). The data in 
table 2 also show the frequency with which 
certain groups of bacteria appeared in nor- 
mal and difficult breeding animals. The 
diphtheroids, which included ail gram-pos- 
itive nonsporeforming rods that showed 
granulation, pallisade formation, and pro- 
duced catalase,*:'* composed the predomi- 
nant group, with the micrococci next in 
importance. When the bacteria are con- 
sidered in broad groups such as these, there 
was little difference, except with the strep- 
tocoeci, in the kinds of bacteria found in 
the normal and abnormal reproductive 
tract. However, when the groups were 
broken down into bacterial species (or sub- 
divisions of species) a better degree of cor- 
relation was obtained. The data in table 3 
indicate that in normal breeders most of 
the bacteria are saprophytic types. Among 
the diphtheroids that were isolated, only 
Corynebacterium pyogenes is regarded as 
a pathogen.* The identitiestion of several 
of the diphtheroids as Microbacterium lac- 
ticum instead of a Corynebacterium species 
is made in accordance with the views of 
other workers *'**° who believe there is 
little or no real difference between the gen- 
era Microbacterium and Corynebacterium. 
Only two of the streptococci from normal 
animals were identified as potentially patho- 
genic species whereas 23 of 27 isolated from 
difficult breeders were found to be Strepto- 
coccus pyogenes, Lancefield group A. 


TABLE i—Relationship of Isolation Procedures to Frequency of Isolation of Strepto- 
cocci, Micrococci, and Diphtheroids 


Incubated in blood agar (% positive) 


Aerobic 
Bacterial No. of positive Samples Cows 
group samples cows (%) (%) 
Diphtheroids 120 80 72 68 
Micrococci 117 77 74 63 
Streptococci 39 33 19 21 


Thioglycollate 
10 % CO. Anaerobic broth 
Samples Cows Samples Cows Samples Cows 
(%) (%) (%) (%) (%) 
58 60 41 45 32 36 
72 65 50 50 40 37 


29 30 62 62 85 83 
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Among the micrococci, the necessity for 
detailed identification is even more strik- 
ing. If the identification had been carried 
no further than species and all cultures 
that were identified as Micrococcus pyoge- 


TABLE 2— Frequency of Occurrence of the 

Predominant Bacterial Groups in the Reproduc- 

tive Tract of Normal and Repeat Breeding 
Cows 


Samples and cows positive for 


Diphthe- Micro- Strepto- Coli- 
Total roids cocci cocci forms Sterile 
(No.) (%) (%) (%) (%) (%) 
NORMAL BREEDERS 
Samples 201 60 58 20 13 38 
Cows 92 87 ror 37 25 22 
REPEAT BREEDERS 
Samples 59 66 49 36 12 5 
7 0 


nes had been considered as potential path- 
ogens, then 79 per cent of the micrococci 
would have been so classified. However, 
when the ability to coagulate bleod plasma, 
which is regarded as the best single eri- 
terion for pathogenicity of micrococci,”** 
was determined, only 16 of the cultures 
(15 %) were potential pathogens. 

The number of repeat breeders found in 
this herd was not great, but the incidence 
of pathogenic species was much greater in 
them than in the normal cows. To get an 
idea as to whether this represented a herd 
problem or was indicative of the condition 
in this area, 46 difficult breeders in six 
herds approximately one hundred miles 
from the local herd were examined. These 
animals had been bred from three to ten 
times and had not settled. No significant 
abnormality of the reproductive tract was 
detected by rectal palpation in 37 of these 
animals, yet bacteriological culture failed 
to isolate any beta hemolytic streptococci, 
only one coagulase positive micrococcus 
and only three Corynebacterium pyogenes 
cultures. Pseudomonas aeruginosa was iso- 
lated from 6 of the cows (3 from one herd, 
2 from another, and 1 from a third) indi- 
cating that it may be involved in individ- 
ual herds. Only two of the samples from 
these 37 cows were bacteriologically sterile. 

Table 4 presents data on the persistence 
of certain bacterial types in the reproduc- 
tive tract of dairy animals. These cases 
were selected because of the number of 
samples obtained from each and because 
they are representative of the microbial 


TABLE 3—Predominant Bacterial Species 
Found in the Reproductive Tract of Normal 


Cows 
No. of Cultures 
Organism Cultures (%) 

Diphtheroids 129 

Corynebacterium pyogenes 7 5 

CO. bovis 72 56 

Microbavterium lacticum 50 39 
Streptococci 38 

8S. pyogenes 2 5 

8. fecalis 34 90 

8. bovis 2 5 
Micrococci 110 

M. pyogenes var. aureus 41 37 

M. pyogenes var. albus 46 42 

Other Micrococcus sp. 23 20 

Coagulase positive (all species) 16 15 
Coliforms 25 

Escherichia coli 15 60 

Aerobacter aerogenes 10 40 


findings from the entire herd. These data 
indicate that the species of bacteria persist 
in the reproductive tract of an animal over 
a considerable period of time. This was 
particularly true of potential pathogens 
found in the repeat breeding cows. 


Discussion 

The data presented in this paper indi- 
cate the importance of using several isola- 
tion procedures for microorganisms if the 
maximum number of species present in the 
reproductive tract are to be found. This is 
particularly true if the more fastidious 
types are encountered. It is indicated fur- 
ther that no real progress in relating bac- 
teria to infertility can be made unless de- 
tailed identification procedures are carried 
out on the cultures that are isolated. Most 
of the diphtheroids, streptococci, and mi- 


TABLE 4—Recurrence of Bacteria in Succes 
sive Samples from Normal and Repeat Breed- 
ing Animals 


Number of times each bacterium 
was isolated 


¢ a = $3 
~ 3 5 3 365 
a a = ~ ~ 

NORMAL BREEDERS 
1 3 3 2 1 1 
2 4 2 1 2 1 1 
3 4 4 2 1 
4 4 4 1 
5 2 1 1 1 
REPEAT BREEDERS 
1 6 1 6 6 
2 7 4 6 7 7 5 
3 6 2 1 3 3 
4 3 3 3 3 3 3 
5 6 6 5 5 1 
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crococci that were found in the normal 
breeding animals were saprophytic types 
rather than potential pathogens, while the 
reverse was true in the difficult breeders 
from the same herd. The importance of de- 
tailed identification is emphasized by the 
work of Easley et al.° who suggested that 
M. pyogenes was associated with infertil- 
ity. They found this species present in 28 
per cent of their samples from normal ani- 
mals and in 42 per cent of the samples 
from difficult breeders. In our investiga- 
tion, 33 per cent of the samples from both 
normal and repeat breeding cows were pos- 
itive for M. pyogenes, although only 15 per 
cent of the cultures (5 % of the samples) 
from norma! breeders were coagulase posi- 
tive. The number of micrococci isolated in 
our study from the difficult breeders was 
too small to be of much value, but of the 20 
cultures studied in detail, six were coagu- 
lase positive. It would have been of con- 
siderable interest if the coagulase-pro- 
ducing ability of the cultures isolated 
by Easley and his co-workers had been 
determined. 

The failure to obtain any consistent evi- 
dence of bacterial infection in the difficult 
breeders in herds from which single sam- 
ples were obtained emphasizes that bacte- 
rial infection is just one of the causes of 
difficult breeding. This probably accounts 
for the success reported by some workers 
with intrauterine antibiotic therapy,** 
while others have failed to obtain beneficial 
results.’ To properly evaluate such treat- 
ments, a bacteriological study should be 
made concurrently. 

Samples on difficult breeders taken at 
successive heat periods gave a consistent 
bacterial picture. This indicates that this 
method of sampling would have value in a 
survey-type investigation in which only a 
single sample could be obtained. For this 
reason, the data obtained from single sam- 
ples taken from 36 difficult breeders in 
other herds were considered reliable. 


SuMMARY 

A detailed bacteriological study was 
made of 260 uterine and cervical swab 
samples obtained from 106 dairy animals 
at successive heat periods. The simultane- 
ous use of several isolation mediums and 
environments was shown to increase the 
number of positive isolations that could be 
made. Of the samples from normal breed- 


ing cows 33 per cent were sterile, while 
only 5 per cent of those from repeat breed- 
ers were sterile. Approximately 2,000 ecul- 
tures were isolated and tentatively classi- 
fied and 400 of these were identified in de- 
tail. The Streptococcus species, Micrococ- 
cus pyogenes strains and Corynebacterium 
and other diphtheroid species were shown 
to be predominantly saprophytic strains in 
normal animals. In the difficult breeders, 
the species in these genera were primarily 
pathogenic strains. 
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Extraction and Concentration of the Gametokinetic-Active 
Principle of Bovine Feces by Alcohol-Precipitation 
and Alumina-Adsorption Technique 


J. L. BHADURI, D.Sc.; R. N. CHAKRAVARTI, D.Sc.; N. R. BARDHAN, M.Sc. 
Calcutta, India 


Diaenosis of pregnancy was demonstrated 
in farm animals from processed fecal solu- 
tion utilizing the Calcutta male toad, Bufo 
melanostictus Sehneider, as the test ani- 
mal.":*;** From the tests so far carried 
out, it is believed that the cattle feces con- 
tain some active principle which sets up a 
gametokinetic reaction in the male toad? 
as in human pregnancy tests.*** The active 
principle appears to be a gonadotrophin- 
like produet, but its exact nature is as yet 
unknown. 

This cattle pregnancy test suffers, how- 
ever, from a number of disadvantages, 
namely, in the extremely low concentration 
of the active substance in the fecal solu- 
tion, and in the large volume of solution, 
and consequently the time required, for 
eliciting a positive response. Furthermore, 
it is difficult to make even a rough estimate 
of the potency of the active principle pres- 
ent in the processed fecal solution. An at- 
tempt, therefore, has been made to increase 
the potency of this active substance by 
adopting a suitable method of extraction 
and concentration. It is also desirable to 
isolate this active substance in a highly 
potent state suitable for studying its physi- 
eal and chemical properties, a knowledge of 
which is essential. 


MATERIALS AND METHODS 


Two methods have been tried for the concentra- 
tion and extraction of the active substance in the 
feeal solution: (1) aleohol-precipitation method 
and (2) adsorption method. 

The principle underlying the aleohol-precipita- 
tion method is that when a sample of feeal solu- 
tion is treated with a large volume of 90 per cent 
aleohol, a floceulent precipitate is obtained which 
seems to contain almost all of the active substance. 


Dr. J. L. Bhaduri and Mr. N. R. Bardhan are from 
the Department of Zoology, University of Calcutta, 35, 
Ballygunge Circular Road, Calcutta 19, India. 
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The work embodied in this paper was carried out in 
1950 and a short account appeared in January, 1951." 


The sediment obtained after centrifuging ean be 
dispersed in distilled water and used for bio-assay 
on Bufo melanostictus. 

While attempting chromatography of the fecal 
solution under various conditions, using aluminium 
oxide as the adsorbent, it was observed that the 
active substance forms a strong adsorption com- 
plex with the aluminium oxide in an acid medium; 
the complex was found to break up when alkaline 
water was used as an eluent. Based on these pre 
liminary experiences, a method has been evolved 
which consists in shaking the fecal solution at a 
low pH with aluminium oxide and finally shaking 
the latter with water at a high pH. This alka 
line solution, after neutralization, was used for 
bio-assay. 

A number of other adsorbents, Fuller’s earth, 
gypsum, permutit, and silieagel, were used, but 
since results were not encouraging they were aban- 
doned. The alumina-adsorption method appears to 
be better than the alcohol-precipitation, since the 
procedure is more simple and the results appear 
to be uniformly satisfactory. 


EXPERIMENTAL DATA 


Test Material.—The urine-free cow feces from 
known sources (Bengal Veterinary College, Caleutta, 
and others) were utilized; sixteen samples from 7 
pregnant cows at different stages of gestation and 
four from nonpregnant cows (3 lactating and 1 
sterile) were employed. Prior to adopting the 
procedures for extraction and concentration, each 
sample was checked by our routine test method.‘ 

Preparation of Concentrated Fecal Extracts.— 
Alcohol-Precipitation Method.—Thirty gram of fe- 
ees was shaken with 75 cc. of distilled water for 
about half-an-hour in a mechanical shaker, then 
filtered, centrifuged, and decanted. Then 30 ee. 
of the slightly opalescent fecal solution was treated 
with four volumes of 90 % alcohol. The resulting 
mass of flocculent precipitate was centrifuged and 
the sediment transferred to a filter paper to remove 
the adherent liquid. After fifteen to twenty min- 
utes the precipitate was shaken for five minutes 
with 15 ee. of distilled water and kept overnight 
in the refrigerator to allow for a better solution 
of the active substance. It was filtered just be- 
fore being injected the next morning. 

Alumina- Adsorption Method.—Thirty gram of 
feces was stirred for five minutes in 100 ce. of dis- 
tilled water in a beaker, followed by shaking in a 
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stoppered bottle for twenty minutes in a mechani- 
eal shaker. It was then strained through a fine- 
meshed cloth, filtered (using Whatman No. 1 filter) 
and left overnight in a refrigerator. The pH of 
processed feeal solution generally ranges between 
6.0 and 7.5; 30 ec. of this solution was brought 
down to a pH of 3.5-4.0 by additon of a few drops 
of dilute hydrochloric acid. When aluminium oxide 
was used as an adsorbent, this range of pH was 
found suitable, since the active principle in the 
feeal solution was then better adsorbed. This 
acidie fecal solution was shaken for half-an-hour 
with 15 Gm. of aluminium oxide (Brockmann) and 
then filtered. This filtered acidic solution, even that 
from pregnant cows, was found to be inactive in 
that it did not cause any discharge of sperm in 
the male toad test. The residual aluminium oxide 
was again shaken for half-an-hour with 15 ee. of 
distilled water to which a sufficient amount of 
liquor ammonia was added to make its smell per- 
ceptible throughout the period of shaking. When 
again filtered, the faintly straw-colored solution 
(about 15 ee.) was neutralized with dilute hydro- 
chloric acid and tested for its activity in the male 
toad. 

Test Animals.—Although the males of Bufo me- 
lanostictus were used for bio-assay with each of 
the above samples, opportunities had also been 
taken to carry out experiments with the males of 
such other salientian species as Rana cyanophlyc- 
tis, Rana limnocharis, and Rana hexadactyla when 
available during the period of »xperiment. 

Procedure of Injection.—In each test, prior to 
injection ef the extracted solution, the frog or 
toad’s urine had been checked under the micro- 
scope for the presence of spermatozoa. 

Injection was made subcutaneously into the dor- 
solateral lymph sac of the test animal. In general, 
injection of an arbitrary 2.5-cec. dose was adopted 
for the series. Where more than 2.5 ec. was re- 
quired, neat solution was administered, and where 
a lower dose was needed, the solution was elevated 
to 2.5 ec., by addition of distilled water. In the 
event of failure to get a positive reaction after 
an hour with the initial dose, the subsequent injec- 
tions were given at hourly intervals. Not more 
than four doses were administered in any instance, 
pregnant or nonpregnant. 

After the injection, the test animals were placed 
in a separate well-ventilated container with a little 
water and set aside at room temperature. 

Sampling of Urine.—Samplings of urine from 
frogs and toads for microscopic visualization of 
spermatozoa were done at half-hour intervals for a 
period of four hours. The animal readily could be 
made to eject a jet of urine, reflexively, in a sep- 
arate receptacle, and a drop of this urine was 
examined under the microscope. The presence of 


spermatozoa in any quantity, one or more, dead 
or alive, motile or nonmotile, in the urine drop 
indieated a positive reaction; the absence of sper- 
matozoa indicated a negative response. 


EXPERIMENTS WITH ALCOHOL-PRECIPITATION 
METHOD 


Exploration tests on the males of Bufo melan- 
ostictus with the aleohol-extracted solution of preg- 
naney feces revealed that lower dosage would lead 
to better results. One eubie centimeter was taken 
as the dose, since its potency was expected to be 
at least six times that of the fecal solution used 
for routine tests, and was elevated to 2.5 ec. by 
the addition of distilled water. Each toad needed 
three or four such doses at intervals of one hour 
in order to obtain the desired results. 


EXPERIMENTS WITH ALUMINA-EXTRACTION 
METHOD 


For this series of experiments a slightly differ- 
ent procedure was adopted. More than two doses 
was never required since positive reactions were 
generally obtained with the first dose in the first 
hour. For the nonpregnant and for all falsely 
negative reacting materials, the second dose was 
administered. 

Bufo Melanostictus as the Test Animal.—In an 
exploration test, an injection of 5 ec. of the ex- 
tracted solution from pregnant cows was found to 
be too much for the toad. It produced a comatose 
and moribund condition in the first hour of the 
experiment. Therefore, a 5-ce. dose of pregnancy 
material was abandoned. An injection of the same 
volume of extracted solution of feces from non- 
pregnant cows, however, had no detrimental effect 
on the toads. 

A series of experiments were designed in three 
lower dosage levels, 0.5, 1.0, and 2.5 ec. The two 
lower dosages were made up to 2.5 ec. each by the 
addition of distilled water. However, in addition 
to a three-dose series, a 5-ec.-dose series was fur- 
ther resorted to in all negative reaction instances. 

Rana Hexadactyla, Rana Limnocharis, and Rana 
Cyanophlyctis as the Test Animals.—The positive 
solutions from pregnant cows in the above experi- 
ments were further tested on other available spe- 
cies of frogs (Rana). Six specimens of R. heza- 
dactyla and 8 specimens of each of R. cyan- 
ophlyctis and R. limnocharis were employed. 

Considering their relative sizes and that frogs are 
delicate in comparison with the toads, a selection 
of dosage level was made. Thus, for R. hexadactyla, 
a 0.5-ee. dose was chosen, while for R. limnocharis 
and R. eyanophlyctis, a 0.25-ce. dose was adopted. 
In these cases even, a 2.5-cc. dosage volume was 
maintained by the addition of distilled water. 


RESULTS 


Table 1 represents the results of experi- 
ments on 13 male toads, Bufo melanostictus, 
with the alcohol-extracted solution of feces 
from 5 different pregnant cows. All the 
tests recorded correct positives but never 
before the thir” hourly dose. 


288 


BHADURI—CHAKRAVARTI—BARDHAN 


Am. J. Ver. Res. 
APRIL 1955 


Tables 2 to 4 record the results of experi- 
ments with alumina-extracted solution. It 
is of interest to note that the materials 
from the 4 nonpregnant cows gave con- 
sistently correct negative reactions under 


TABLE i—Results of Bovine Pregnancy Tests 
with Alcohol-Extracted Fecal Solution on Bufo 


in the check routine tests. While a single 
dose of 0.5 and 1.0 ce. of each extracted 
solution gave strong positive reactions in 
most instances, with no detrimental effects 
on the toads, a single 2.4-ee. dose in most 
cases caused death to the experimental ani- 
mals either on the same day or on the day 
following the injection. Also, while the 0.5- 


Melanostictus and 1.0-ce. series usually recorded positive 
No. of reactions in the first half hour, the 2.5-ce. 
Gesta- No.of hourly Reac- series recorded only six in the first half 
tion toads l-ee. tion 
(days) peer ae Chr.) Result hour and eight in the first hour (table 2). 
es aig 3 25 b+ The toads which received a double dose 
25 3 3 3.0 44 of 0.5, 1.0, 2.5, and 5.0 ce. each of extracted 
solutions from nonpregnant cows appar- 
a ‘ ‘ 3.5 ++ ently did not suffer from toxicity. 
4 3.0 44 When the two false negative instances 
4 85 hes (table 2) were further tested on a 5.0-ce.- 
52 2 ‘ dose basis, as was done in the nonpregnant 
: : = cows, they again responded negatively and 
ei without showing any apparent detrimental 
3 3.0 ne effect on the test animals. 
; 4 3.5 14 In the experiments performed on the 
74 3 : 4 ++ three species of Rana, namely, R. hexadac- 


all the four-dosage levels, and the results 
are in conformity with those of the check- 
up routine tests (table 3). 

Table 2 shows the results of 16 preg- 
nancy cases, 14 of which gave correct posi- 
tives. Only the samples taken on days 41 
and 124 of gestation recorded false negative 
reactions at all dosage levels (tables 2 and 
3). These two, however, reacted positively 


tyla, R. limnocharis, and R. cyanophlyctis 
(table 4) uniformly good positive reactions 
were obtained in all the instances by a 
single dose of alumina-extracted solution 
from 3 pregnant cows. Most of the frogs 
reacted within a half hour, the least time 
possible, and apparently suffered no detri- 
mental effects. 

Table 2.also presents comparative data 
on the check routine tests and the tests per- 
formed with alumina-extracted solution. 


TABLE 2—Comparative Results of Bovine Pregnancy Tests Using Alumina-Extracted 
and Routine Fecal Solutions on Bufo Melanostictus 


Alumina extraction tests 


Routine tests 


Different dosages (cc.) 


4 0.5 1.0 2.5 5.0 
Gestation 
‘days) I II I II Ill I II Ill I II Ill 

25 1 0.5 +44 1 0.5 +4 1 1.0 + 2 0.5 cs 

29 3 1.5 oe 1 0.5 + 1 0.5 . 3 1.5 

41 2 2 2 4 2.5 

43 1 0.5 ott 1 0.5 +++ 1 0.5 + 2 0.5 + 
52 1 0.5 t+ 1 0.5 + 4-4. 1 1.0 2 0.5 

73 1 1.0 Sain aaa 1 0.5 + 1 1.0 + 2 0.5 

74 1 0.5 +++ 1 0.5 +++ 1 0.5 2 0.5 + 

87 2 1.5 ++ 1 1.0 ot 1 0.5 + 2 0.5 + 

88 1 0.5 ++ 1 0.5 at 1 0.5 ++ 3 2.0 - 
124 2 — 2 — 2 2 1.0 
130 1 0.5 ++ I 0.5 ++ 1 1.0 + 3 1.5 + 
179 1 0.5 ++ 1 0.5 +4 1 1.0 2 0.5 
180 1 0.5 1 0.5 1 0.5 3 1.5 
188 1 0.5 +++ 1 0.5 ++ 1 1.0 2 1.0 = 
188 1 0.5 +++ 1 0.5 ore l 1.0 2 0.5 +} 
250 1 0.5 ++ 1 0.5 ++ 1 1.0 + 4 2.5 +++ 
I—Ne. of dose; I]—reaction in hours; I1]-—result. 

4+ —Fair quantity of spermatozoa; ++ —geod quantity ef spermatesoa, many spermatozoa. 
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TABLE 3—Summary of Results of Alumina- 
Extraction Test 


Correct 


No. of Correct False 
cattle positive negative negative 
16 pregnant 14 0 2 
(25-250 days) 
3 nonpregnant 0 3 0 
(lactating) 
1 sterile 0 1 0 


All the tests yielded correct positives with 
the exception of two which recorded false 
negatives, even up to a double 5.0-ce. dose. 
Otherwise, the alumina-extraction proce- 
dure gave consistently better results in ref- 
erence to both the time of reaction and the 
number and size of doses. 


DiscussION 


Although consistently correct positives 
were obtained from the tests with alcoholic 
concentrates of feces, this procedure can 
not be advocated since the number of doses 
necessary and the time of reaction were not 
satisfactory. The alcoholic-concentration 
method was expected to get the active prin- 
ciple in a six-time more potent state, but 
this was not realized. 

The cause of the two false néeBative reac- 
tions and of the detrimental effects, upon 
testing animals, of an injection of neat 5.0- 
ec. alumina-extracted solutions from preg- 
nant cows can not be adequately explained 
at present. However, it can be emphasized 
that the over-all results with alumina-ex- 
tracted solution are statistically satisfac- 


TABLE 4—Results of Alumina-Extraction Tests 
on Rana Hexadactyla, Rana Limnocharis, and 
Rana Cyanophlyctis 


No. of Re- 
of frogs tested (hr.) 
52 1 0.5 0.5 ++ 
Rana = 1 0.5 0.5 +44 
1 0.5 1.0 
1 0.5 1.0 +-+ 
_ 1 0.5 0.5 ++ 
52 1 0.25 0.5 +4 
1 0.25 1.0 
179 0.25 1.0 
2 0.25 0.5 +--+ 
5 1 0.25 0.5 ++ 
ore 0.25 0.5 +++ 
R 52 2 0.25 0.5 oe 
ana ans aa 
1 0.25 0.5 
2 0.25 0.5 


tory, since only two of twenty experiments 
gave false negative reactions, thus record- 
ing 90 per cent correct results. 

It appears that the active principle pres- 
ent in the feces can be easily extracted, 
isolated, and concentrated in a very highly 
potent state by the alumina-adsorption 
method. A small dose (0.5 ec. in B. melan- 
ostictus and R. hexadactyla, and 0.25-ce. in 
R. limnocharis and R. cyanophlyctis) of the 
alumina-extracted solution is sufficient to 
evoke a good positive reaction within the 
least time possible (a half hour), without 
any detrimental effect on the testing ani- 
mals. Although the number of tests car- 
ried out with alumina-extracted solution is 
small, it is expected that tests along these 
lines may prove a valuable aid in the diag- 
nosis of bovine pregnancy. 


SUMMARY 


Aleohol-precipitation and alumina-ad- 
sorption methods of extraction and concen- 
tration of the gametokinetic-active prin- 
ciple of bovine pregnancy feces have been 
described. 

The aleohol-precipitation technique when 
employed on fecal samples from 5 preg- 
nant cows gave correct positives on 13 
toads. However, this method of extrac- 
tion was not suitable, since an increased 
potency was not obtained, and none of 
the tests turned positive before three 
inoculations. 

Different adsorbents, including alumina, 
Fuller’s earth, gypsum, permutit, and sili- 
eagel were tried, but only the first was 
found suitable. 

Of the 20 tests with alumina extracts 
of feces (16 pregnant, 3 nonpregnant, and 
1 sterile) on males of Bufo melanostictus, 
two false negatives were recorded. Al- 
though only a 90 per cent correct result 
was obtained, this procedure was consid- 
ered better in that 0.5 ce. of the extract was 
sufficient to elicit positive reaction in one- 
half hour. 

Males of Rana hexadactyla, R. limno- 
charis, and R. cyanophlyctis also were tried 
for their reactivity to the alumina extract, 
all recording correct positives; 0.5-ce. dos- 
age for R. hexadactyla, and 0.25 ee. for R. 
limnocharis and R. cyanophlyctis. 

Alumina-extraction tests were found bet- 
ter when compared with the routine tests 
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in all respects, dosage, time, and nature of 
reaction. 
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Cross Agglutination Between Vibrio Fetus and 
Brucella Abortus 


E. M. KIGGINS, M.S.; W. N. PLASTRIDGE, Ph.D.; 
L. F. WILLIAMS, M.S.; H. L. EASTERBROOKS, D.V.M., M.S. 


Storrs, Connecticut 


THE PossiBILITY that Vibrio fetus shares a 
common antigen with Brucella abortus 
must be considered in using the agglutina- 
tion test as an aid in the diagnosis of vib- 
riosis and brucellosis. Morse et al.’ and 
Robertstad * have reported cross aggluti- 
nation between the two organisms. It was 
the purpose of this investigation to deter- 
mine whether or not the extent of cross 
agglutination is sufficient to interfere with 
the practical use of agglutination tests in 
the diagnosis of vibriosis and brucellosis. 


MATERIALS ANP METHODS 


Sixteen strains of Vibrio fetus (10 of bovine 
origin and six of ovine origin) and one strain of 
Brucella abortus were used in this investigation. 
The history of the V. fetus cultures is given in 
table 1. 

Whole cell V. fetus antigens were prepared 
from growth on thiol agar, as deseribed by Plas- 
tridge et al.” The Br. abortus antigen was the 
standard tube test antigen supplied by the United 
States Bureau of Animal Industry for the routine 
testing of bovine blood samples for brucellosis, 

Vibrio fetus H-O antiserums were prepared in 
virgin heifers that were negative to blood and 
ecervicvvaginal mucus tests for vibriosis and to the 
blood test for brucellosis. These animals were 
given subcutaneous injections of 5 ml. of a sus- 
pension (opacity corresponding to MeFar!and 
nephelometer tube 25) of V. fetus cells in 0.3 per 
eent formalized saline. Two injections were made 
three days apart and a third injection was made 
days later. The animals were bled four 
days after the last injection. A sharp drop in 
titer was observed two weeks after the final in- 
jection. The titers of the serums ranged from 
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1:200 to 1:3200. Brucella abortus antiserum was 
prepared by subcutaneous injections of dead cells 
into a heifer that was negative to blood and cer- 
vicovaginal mucus tests for vibriosis and to the 
blood test for brucellosis. The same schedule as 
used in preparing the V. fetus antiserums was 
used. 

In comparative agglutination tests, the macro 
scopie tube method was employed. The initial di- 
lution used in the tests was 1:6.25 and was made 
by placing 0.64 ml. of serum and 3.36 ml. of the 
antigen (turbidity of 1.5 on the MeFarland 
seale) in the first tube. Two milliliters of antigen 


was placed in each of the remaining tubes. Two- 
fold serial dilutions were then made by trans 
ferring 2 ml. from the first tube to the second 


tube in the series and so on, resulting in serum 
dilutions of 1:6.25 to the full titer of the serum. 
The tubes were examined after ineubation at 37 
C. for forty-eight hours and again after an addi 
tional twenty-four hours at room temperature. 

In agglutinin absorption tests, the absorbing 
dose for each antiserum was first determined. 
This was done for all V. fetus antiserums, except 
the antiserum for strain F,, by (1) adding 0.4 ml. 
of a given antiserum to each of six tubes contain- 
ing 3.6-ml. amounts of the homologous antigen 
adjusted to densities of 1, 2, 4, 6, 8, and 10, re- 
spectively, on the McFarland seale, (2) ineubating 
the mixtures at 37C. for a period of two hours 
followed by storage at 4C. overnight, (3) centri- 
fuging, and (4) testing the supernatants for ag- 
glutinins. In determining the absorbing dose for 


TABLE 1—History of Vibrio Fetus Cultures 


Date 
Culture Source isolated Place isolated 
M Bovine fetus 1940 Storrs Agric. Exper. Sta. 
Storrs, Conn. 
R Bovine fetus 1950 Storrs Agric. Exper. Sta. 
UM Bovine fetus 1949 Storrs Agric. Exper. Sta 
7 Bovine fetus ? Storrs Agric. Exper. Sta. 
D Bovine fetus 1949 Storrs Agric. Exper. Sta 
F, Bovine fetus 1948 Storrs Agric. Exper. Sta 
MTS Bovine fetus 1951 Storrs Agric. Exper. Sta. 
P, Bovine fetus 1949 Storrs Agric. Exper. Sta. 
OPF Bovine fetus 1951 Storrs Agric. Exper. Sta. 
Fa Bovine cervix 1950 Storrs Agric. Exper. Sta. 
01 Ovine fetus 1949 Oregon State College, 
Corvallis 
03 Ovine fetus 1949 Oregon State College 
04 Ovine fetus 1950 Oregon State College 
736 Ovine fetus ! Oregon State College 
662-2 Ovine fetus ? Oregon State College 
543 Ovine fetus 1949 U.S.B.A.1. (from Univ. 


of Wisconsin, Madison) 
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antiserums against V. fetus strain F., and Br. 
ebortus, 0.2 ml. of antiserum was added to each 
of the six tubes containing different antigen 


TABLE 2—Agglutination of Brucella Abortus 
Antigen by Vibrio Fetus Antiserums 


V. fetus antiserums _ 
Titer with 


Homologous Br. abortus 
Strain titer antigen 
R, Fa 200 
UM, D, P;, 01, 03 400 tea 
MTS, 04, 736 800 my 
M, 543, 662-2 1600 
Y, OPF, F, 3200 


eoncentrations. Approximately one and one-half 
times the absorbing dose was used in tests with 
heterologous antigens. 


RESULTS 

Brucella abortus Antigen vs. Vibrio Fe- 
tus Antiserums.—Brucella abortus antigen 
was tested with 16 V. fetus antiserums 
possessing homologous titers of from 1:200 
to 1:3200. All of the antiserums gave a 
titer of less than 1:6.25 with Br. abortus 
antigen (table 2). 

Vibrio Fetus Antigens vs. Brucella 
Abortus Antiserum.—Antigens of the 16 
V. fetus strains were tested against a 
‘normal serum’’ and a Br. abortus anti- 
serum with an homologous titer of 1:800. 
The normal serum was obtained from the 
heifer used for the production of Br. abor- 
tus antiserum, prior to immunization with 
Br. abortus (table 3). 

Antigens of nine of the 16 V. fetus eul- 
tures were not agglutinated in any serum 
dilution by the Br. abortus antiserum. An- 
tigens of four strains (D, Fa, 04, and 01) 
were agglutinated in serum dilutions of 
1:6.25 or 1:12.5 by the normal serum and 
no increase in titer for these four strains 
followed the injection of the animal with 
Br. abortus antigen. Thus, 13 of the 16 
V. fetus eultures showed no evidence of 
sharing a common antigen with Br. 
abortus. 

Three V. fetus antigens showed signifi- 
cant antigenic relationship to Br. abortus. 
Following immunization of the heifer with 
Br. abortus, serum titers for antigens 543 
and P, increased from less than 1:6.25 to 
1:100 and for antigen F, from 1:6.25 to 
1:200. 

Somatic Vibrio Fetus Antigen vs. Bru- 
cella Abortus Antiserum.—Heated por- 
tions (somatic antigens) of the three V. 


fetus antigens that were agglutinated by 
Br. abortus antiserum were tested against 
normal serum, V. fetus antiserum (homol- 
ogous for the unheated antigen), and Br. 
abortus antiserum (table 4). 

The three heated antigens gave a titer of 
1:50 with the Br. abortus antiserum. In 
comparison, unheated P, and 543 antigens 
gave a titer of 1:100 and unheated F, anti- 
gen a titer of 1:200. These findings sug- 
gest that the major part of the antigen- 
antibody reaction between V. fetus antigen 
and Br. abortus antiserum is associated 
with the somatic antigens of V. fetus. 

Agglutinin Absorption Tests with Bru- 
cella Abortus Antiserum.—The effect on 
the agglutination reaction of absorbing 
samples of Br. abortus antiserum individ- 
ually with Br. abortus and V. fetus anti- 
gens is shown in table 5. 

When Br. abortus antiserum was ab- 
sorbed by its homologous antigen, both V. 
fetus and Br. abortus agglutinins were 
removed. 

The Br. abortus antiserum was then ab- 
sorbed by the V. fetus antigens and tested 
against the absorbing antigen and Br. 
abortus antigen. As expected, the V. fetus 


agglutinins were removed, but there was 


no decrease in Br. abortus agglutinins. 

The results show that the Brucella anti- 
gen removed both V. fetus and Br. abortus 
agglutinins, whereas the Vibrio antigens 
removed their specific antibodies only. Ap- 
parently, the antigenic component of Br. 
abortus that stimulated agglutinins for 
certain strains of V. fetus is not signifi- 
eantly involved in the agglutination of Br. 
abortus by its antiserum. 

Tests for Brucella Abortus Agglutinins 
in Heifers Infected with Vibrio Fetus.—A 
group of 8 virgin heifers were exposed to 


TABLE 3—Agglutination of Vibrio Fetus Anti- 
gens by Normal Serum and Brucella Abortus 
Antiserum 


Titer obtained with 


V. fetus Normal Br. abortus 
antigens serum* antiserum ** 
M, R, UM, Y, MTS, 
OPF, 03, 736, 662-2 ot 0 
01 6.25 
D, Fa, 04 12.5 12.5 
P,, 543 0 100.0 
F, 6.25 200.0 


* Serum from heifer prior to immunization with Br. 
abortus. 
** Titer of Br. abortus antiserum 1:800 
+ Less than 1:6.25 
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V. fetus infection by placing cultures 
(strain R) on the cervix or vulva. All of 
these animals, and eventually 2 controls, 
became infected as shown by the develop- 
ment of positive blood serum and cervico- 
vaginal mucus agglutination titers and re- 
duced reproductive efficiency. Blood sam- 
ples were drawn and examined for Br. 
abortus agglutinins at frequent intervals 
over a period of two years. 

Of 832 blood samples from these ani- 
mals, only one gave a suspicious reaction 
(complete agglutination in the 1:25 serum 
dilution and incomplete agglutination in 
the 1:50 dilution) with Br. abortus anti- 
gen. Sixty-four samples gave incomplete 
agglutination in the 1:25 serum dilution 
only. 

As shown in table 2, the immunization 
of heifers with the 16 V. fetus cultures, in- 
cluding F,, P,, and 543, failed to produce 
an increase in Br. abortus agglutinins. 
This observation, and the findings on the 
8 heifers exposed to culture R, indicate 
that significant reactions to the Br. abor- 
tus agglutination test in cattle do not re- 
sult from V. fetus infection. 

Tests for Vibrio Fetus Agglutinins in 
Heifers Vaccinated with Brucella Abor- 
tus.—Blood samples were drawn from 100 
heifers one to six months after vaccination 
with Br. abortus, strain 19. The samples 
were tested against both Br. abortus and 
V. fetus antigens. The V. fetus antigen 
used was made from strain R and gave a 
nonspecific titer with normal serum of less 
than 1:25 and a specific titer with known 
positive serum of 1:200 (table 6). 

One sample from a 13-month-old heifer 
gave a suspicious reaction to the brucello- 


TABLE 4—Presence of Flagellar and Somatic 
Agglutinins in Normal Serum and Vibrio Fetus 
and Brucella Abortus Antiserums 

Titer obtained with 


Br. abortus 


V. fetus Normal V. fetus 
antigen serum antiserum antiserum 
unheated 0* 400 100 
P, 
heated 0 100 50 
unheated 0 1600 100 
543 
heated 0 25 50 
unheated 6.25 3200 200 
F, 
heated 0 100 50 
Br. abortus 
antigen 0 0 800 


* Less than 1:6.25. 


TABLE 5—Agglutinin Absorption Tests with 
Brucella Abortus Antiserum 


Titer of Br. abortus antiserum 


Aggluti- After absorption with 
nation Before 
antigen absorption Br. abortus V. fetus 
F, 200 0o* 0 
P, 100 0 0 
543 100 0 0 
Br. abortus 800 0 800 


* Less than 1:6.25. 


sis test and a weakly positive reaction to 
the vibriosis test. The remainder of the 
samples reacted negatively with the V. fe- 
tus antigen although 49 of the samples 
were positive with Br. abortus antigen. 

In observations on blood serum reactions 
of cows that aborted from vibriosis, V. 
fetus was isolated from 2 aborted fetuses 
from dams which had been vaccinated with 
Br. abortus, strain 19. One, a heifer vacci- 
nated as a calf, the other a cow vaccinated 


TABLE 6—Blood Tests* on Heifers Vaccinated 
with Brucella Abortus as Calves 


Number of animals 


Br. \. fetus antigen 
abortus - 
---— 8 7 
1——— 9 9 
+i-— 20 15 5 
++i-— 14 ll 2 
+++1 20 15 5 
+++ 29 14 15 
* Serum dilutions = 1:25, 50, 1:100, 200; ** 13 


months of age. 


as an adult, were positive to the blood se- 
rum agglutination tests for both brucello- 
sis and vibriosis. 

These results indicate that with the V. 
fetus antigen used (strain R), positive 
brucellosis blood serum titers did not in- 
terfere with the agglutination test for vib- 
riosis. However, from the results given in 
table 3, it is to be expected that the pres- 
ence of Brucella agglutinins in the animals 
tested would interfere with the agglutina- 
tion test for vibriosis if certain strains, 
such as F,, P,, and 543, were used in pre- 
paring the test antigen. 


DiscuUssION AND CONCLUSION 


Antigens of 13 of 16 V. fetus strains 
were not agglutinated by Br. abortus anti- 
serum. However, three strains did yield 
antigens that agglutinated with Br. abor- 
tus antiserum in serum dilutions of from 
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1:100 to 1:200. This finding is in agree- 
ment with the findings of Morse et al. 
Somatic, and to a lesser degree flagellar, 
antigens of the three V. fetus strains were 
involved in the agglutination reaction with 
Br. abortus antiserum. 

Agglutinin absorption tests showed that 
absorption of Br. abortus antiserum by Br. 
abortus antigen removed agglutinins for 
both Br. abortus antiserum and the three 
V. fetus cultures. However, absorption of 
the Br. abortus antiserum by the V. fetus 
antigens removed agglutinins for V. fetus 
only. Robertstad * reported a decrease in 
titer (1:2560 to 1:640) of Br. abortus anti- 
serum absorbed with a V. fetus strain 
which was agglutinated by Br. abortus an- 
tiserum. In general, these findings indi- 
cate that the antigens of Br. abortus and 
certain strains of V. fetus are related but 
not identical. 

Antiserums prepared against 16 V. fetus 
cultures failed to agglutinate Br. abortus 
antigen supplied by the United States Bu- 
reau of Animal Industry. These findings 
and the results of tests made on blood se- 
rums from animals artificially infected 
with V. fetus (strain R) failed to show 
that infection with V. fetus interferes with 
the agglutination test for brucellosis. Re- 
sults obtained at the Storrs Agricultural 
Experiment Station during the past ten 
years on blood samples from cows that 
have aborted V. fetus-infected fetuses 
show that unless the aborters were vacci- 
nated as calves and were under 24 months 
of age, or were mature cows that were vac- 
cinated as adults, the blood test was nega- 
tive for brucellesis. 

Blood tests made on calf-vaecinated (Br. 
abortus) heifers under 1 year of age 
showed that heifers that were positive to 
the blood test for brucellosis were negative 
to the agglutination test for vibriosis when 
the V. fetus antigen was made from strain 
R. However, since antigens of three of the 
16 V. fetus strains were agglutinated by 
the prepared Br. abortus antiserum, it is 
likely that antigens of these strains would 
have been agglutinated by some of the se- 
rums from the vaccinated heifers. 

In testing V. fetus antigens for agglu- 


tinability by Br. abortus and other anti- 
serums, it is essential that the antigen used 
be agglutinable by its homologous antise- 
rum but not agglutinable by serum from 
normal cows. As shown by Plastridge et 
al.,?> cultures of V. fetus maintained in 
semisolid agar mediums tend to become 
either inagglutinable by specific antiserum, 
or agglutinable by normal bovine serums 
(titers up to 1:100). In the latter instance, 
agglutination of V. fetus antigen by Br. 
abortus antiserums can not be attributed 
to the action of specific Br. abortus 
agglutinins. 
SUMMARY 


Brucella abortus antigen was not agglu- 
tinated by any of the 16 V. fetus antise- 
rums. Antigens of only three of 16 eul- 
tures of V. fetus were agglutinated by Br. 
abortus antiserum in titers of from 1:100 
to 1:200. Heated portions of these three 
V. fetus antigens were also agglutinated 
by Br. abortus antiserum to a titer of 1:50. 

In agglutinin absorption tests, Brucella 
antigen removed both V. fetus and Br. 
abortus agglutinins from Br. abortus anti- 
serum, whereas the Vibrio antigens ab- 
sorbed all of the V. fetus antibodies from 
Br. abortus antiserum but did not reduce 
the titer for Br. abortus appreciably. 

The results presented indicate that (1) 
V. fetus infection does not interfere with 
the agglutination test for brucellosis, and 
(2) that Br. abertus infection may inter- 
fere with the agglutination test for vibrio- 
sis if the V. fetus antigen is made from 
strains which possess antigenic components 
shared by Br. abortus. 

In testing V. fetus antigens for agglu- 
tinability by heterologous antiserums, the 
possibility that the antigen may be agglu- 
tinable by serums from normal cattle must 
be considered. 
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The Identification of Brucella Abortus, Strain 19, 
by Penicillin Tolerance 


MARY E. KRAFT, M.S. 


Frederick, Maryland 


VIRULENT strains of Brucella abortus that 
no longer require CO, for growth have 
been used with increasing frequency in ex- 
perimental studies. This has increased the 
need for a simple method of differentiating 
such cells from the relatively avirulent 
cells of B. abortus, strain 19, which also 
grow well in air. A good in vitro method 
of differentiation was described by Levine 
and Wilson.’ This test, however, entails a 
rather tedious method of preparation of 
mediums and requires a critical amount of 
the dye, thionine-blue. 

In the course of studies with various 
strains of Brucella, it has been observed 
that regardless of source, different isolates 
of the same ‘‘species’’ (e.g., all Brucella 
suis cultures) show a similar pattern of 
natural optimum resistance to various 
antibiotics. However, differences in such 
threshold resistance were noted between 
species (e.g., B. suis versus Brucella me- 
litensis). Of the antibiotics tested, the one 
giving the most striking results was peni- 
cillin. Very great differences in natural 
penicillin resistance were observed between 
known cultures of B. abortus, strain 19, 
and virulent B. abortus cultures. The sur- 
vey of different cultures was extended in 
order to determine whether such differ- 
ences in natural penicillin resistance can 
serve as a simple diagnostic tool. 


MATERIALS AND METHODS 

1) Stock cultures were grown for twenty-four to 
forty-eight hours on modified tryptose agar 
slants. 


2) Suspensions of approximately 1x 10° cells/ml. 
were made from the growth on such slants in 
tryptose saline diluent. 

3) Penicillin in a concentration of 25 u./ml. was 
incorporated into 2-1 agar. 

4) The mediums used were 


a) modified tryptese agar 
41 Gm., Difeo tryptose agar 
1 ml., 10 mg. per 100 ec. of thiamine hydro- 
chloride 


From Camp Detrick, Frederick, Md. 
The author expresses gratitude to Dr. Werner Braun 
for his help in the preparation of this report. 


1 ml., 2 per cent FeSO, 

1,000 ml., distilled water; melt agar and if 
necessary adjust pH to 7.0-7.2 and add: 

10 Gm., dextrose; autoclave at 15 lb. of 
pressure for twenty to twenty-five min- 
utes. 


= 


2-1 agar 

25 Gm., Bacto agar 

10 Gm., Wilson’s peptone 

5 Gm., sodium chloride 

20 mi., glycerol 

5 Gm., beef extract 

1,000 ml., distilled water; melt agar, adjust 
pH to 7.2 and add: 

10 Gm., dextrose; autoclave at 15 lb. of 
pressure for twenty to twenty-five min- 
utes. 

Plates were divided into sections for the inocu- 
lation of a number of cultures on the same plate. 
A streak was made on the plates from a loopful of 
the described suspension. Two control plates con- 
taining no penicillin also were inoculated simul- 
taneously; one was incubated in air and the other 
in a 10 per cent CO, atmosphere. 


RESULTS AND Discussion 

Forty-three cultures of B. abortus, strain 
19, were tested by this method and 41 of 
them failed to grow when cultivated on 
more than 1 unit of penicillin per milli- 
liter in air or more than 2 u./ml. in COQ,,. 
In the presence of inhibitory concentra- 
tions of penicillin, even at 25 u./ml., a few 
of the heavily inoculated strain 19 cultures 
gave rise to three or less colonies per plate 
when incubated under CO, (table 1) ; these 
rare survivors appear to represent the 
progeny from an occasional penicillin re- 
sistant mutant cell.* 

The results with virulent B. abortus eul- 
tures were quite different. All but one of 
these cultures, obtained from different 
sources, grew well on 25 u./ml. (table 1). 
In the case of CO,-independent strains, the 


* It was considered possible that there rare CO,-requir- 
ing isolates from strain 19 cultures might be similar to 
typical virulent B. abortus types. However, titrations in 
guinea pigs showed that the virulence of these rare iso- 
lates from strain 19 did not differ significantly from that 
of the typical strain 19 cells. It was also observed that 
these isolates are quite unstable in regard to continued 
CO, requirement. 
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TABLE 1—Growth of Brucella Abortus and 
Brucella Abortus, Strain 19, Cultures on Peni- 
cillin Agar 


Controls on On 


penicil'in- penicillin-agar 
free agar (25 u./ml.) 
Air CO, Air CO, 
BRUCELLA ABORTUS, STRAIN 19 
Smooth cultures 
2583 (4 isolates) — + — —Isc(on 1) 
1444 + + —2sc 
XX10-1 + + — - 
19-21A + + - 
BAI strain 19-1* + + - 
+ 4 a=» om 
3* + 
4° + 4 
6* 
7* + + 
8* 
10* + 
12* + 4 
13* + 
14° 4 
15 + 4 
16* 
2583sr 2HiDI + —3se 
al19-3 4 4 
a-19-26A + 4 
Nonsmooth cultures 
7748R + + 
5627A-1 + + —Ilse 
19-19R + + 
19-19A +- + 
7736R 
40946R + + 
7745M + -- 
14322 + + - 
2479 + 
4917M, + - 
7736 + + 
4946R + + 
16951S8SR + —Iisc 
50430M + + 
W502583M 
288) 15 + + - 
2583R + + + + 
VIRULENT BRUCELLA ABORTUS 
544-14-Weybridge 
(air mutant) + + 
6232 (air mutant) + 
313 NIH 
(air mutant) + + + 
1301 Spink . + 
544-14-342 - + + 
6232S’ + 4 
V6232 + 
BAI2016* 38sec 
V50888-1 + of 
2308 Mucoid 
(air mutant) + + + + 
V50888-2 + + 
V6232 Mucoid + - + 
V4878 Rough + 
V6232 Rough -- + -- + 


* These 17 isolates were obtained through the courtesy 
of Dr. C. A. Manthei. 
se—single colony. 


absence or presence of CO, did not affect 
the results. Fourteen different isolates of 
virulent B. abortus, and nonsmooth vari- 
ants thereof, have so far been tested. It 
will be noted that only the culture labelled 
BAI 2,016, a virulent CQO,-requiring B. 
abortus strain,? failed to follow the typical 
pattern of growth of other known virulent 
CO,-requiring cultures in the presence of 
25 u./ml. of penicillin. This culture is sus- 
pected of possessing other atypical charac- 
teristics according to the investigators who 
isolated the culture. 

It also should be noted that atypical 
penicillin reactions were obtained with two 
nonsmooth variants of B. abortus, strain 
19, but not with several other comparable 
nonsmooth variants tested. It is conceiv- 
able that these exceptional nonsmooth 
strains, originating from single colony iso- 
lates, represent descendants from ocea- 
sional penicillin-resistant mutants which 
are present in all cultures in exceedingly 
low numbers (less than 1 x 10°°). 

Brucella suis strains are usually inhib- 
ited when grown on 2-1 agar containing 
more than 1 to 2 units of penicillin per 
milliliter and B. melitensis strains are in- 
hibited when the penicillin concentration 
exceeds 35 u./ml. 


SUMMARY 


Virulent Brucella abortus cultures of 
different origin, and some nonsmooth var- 
iants thereof, possess a significantly greater 
natural resistance to penicillin than eul- 
tures originating from B. abortus, strain 
19. This difference can be used for a sim- 
ple diagnostic differentiation between cul- 
tures of B. abortus and B. abortus, strain 
19. 
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A Cytological Study of Costal Marrow 
I1l. Hemograms of the Horse and Cow 


M. LOIS CALHOUN, D.V.M., Ph.D. 


East Lansing, Michigan 


LITERATURE CITED 


found 


In a study of the bone marrow of the horse juveniles 0.1 Ye 
and cow,'’* a study of the blood picture was made 


as an adjunct to the main research. 


Miller* made 81 determinations of the blood Basel and Lewek*? stated that there were no 
volume of cattle. The average quantity of blood myelocytes, and there were 
per pound of body weight was 27.07 ec. An in- juveniles 0.1 % 
crease in blood volume occurred in pregnancy. stab 28 %o 

Wirth and Mader‘ and Zemljic® stated that the segmented 41.7 % 


majority of white blood cells in the ox were lym- 
phocytes. They characterized ox blood as having 
azure granules in the lymphocytes, occasional stab 
cells, small eosinophilic granules, and commented 
on the special size of the neutrophil. According 
to Goodall,® the general morphology of the ox 
blood does not differ greatly from human blood. 
Du Toit’ also found ox blood similar to human 
blood except that it had a high lymphocyte count 
and a low neutrophil count when compared with 
man. Gudim-Lewkowitsch * in a study of the dif- 
ferential number of the neutrophils in 15 normal 
cows gave the following data: 


neutrophils in normal ox biood. 


Kennedy and Climenko™ reported the normal 
Arneth count for the cow as 2.34 (weighted 
mean ). 

Ferguson et al.” found that the age of cattle 
was negatively correlated with the total number 
of both red and white blood cells per unit volume 
of blood. With the exception of eosinophils, the 
proportion of each of the types of leukocytes were 
related to age. They concluded that each healthy 
animal has a blood picture peculiar to itself. 

Goodali* characterized the neutrophil of horse 


juveniles 0.5 % 3-lobed 14.9 % blood as having an unusual degree of lobation and 
stab 45.7 % 4-lobed 2.9 % especially fine granules. He found the eosinophil 
2-lobed 35.7 % 5-lobed 0.6 % to contain large spherical or ovoid granules. 
Zemljie’s*® results on 50 animals differed some- wie” mentioned the large eosinophil, large baso- 
what with phil, large platelets, and preponderance of neutro- 
juveniles 12.3 % phils in the horse. According to MacLeod and 

stab 21.6 % Ponder * the red blood cell count and hemoglobin 

segmented 66.1 % content of the Thoroughbred horse are higher than 


Taken (with the exception of more recent data) from 
a thesis submitted to the Graduate School of lowa State 
College, Ames, in partial fulfillment of the requirements 
for the Ph.D. degree. 

Dr. Calhoan is professor and head, Department of 
Anatomy, School of Veterinary Medicine, Michigan State 


that of the work horse. The Thoroughbred red 
blood cell was found to carry less hemoglobin per 
cell because of the smaller size of the red blood 
cell. Table 1 shows the blood picture of the Thor- 
oughbred in varying physiological states as de- 


College, East Lansing. termined by MacLeod et al.” and Hansen et al.*” 
TABLE 1—Blood Picture of the ‘Thoroughbred 
Red White 
blood blood Hemo 
No count count globin Neutre- Lympho- Mono- Eosino- Baso- 
Age and type of 10*%/ 10°/ Gm/ phils cytes cytes phils phils 
Author of anim. anim. cu.mm. cu.mm. 100ce. (%) (%) (%) (%) (%) 
MacLeod etal.” Foals 12 11.6 13.0 14.0 48.0 44.0 7.0 1.0 
MacLeod et al. Weanlings 22 11.9 13.6 13.0 37.0 55.0 4.0 4.0 
MacLeod et al. Yearlings 16 11.6 13.4 13.6 44.0 49.0 4.0 3.0 
MacLeod et al. Older horses 12 11.0 10.5 13.2 47.0 43.0 6.0 4.0 
(other than mares) 46.0 44.0 4.0 6.0 
MacLeod et al. Mares in foal 1l 10.75 9.5 14.8 46.0 44.0 3.0 6.5 0.5 
MacLeod et al. Barren mares 18 8.38 9.9 13.4 56.0 25.0 5.0 14.0 
Hansen et al.” Mares in foal 65 10.52 10.01 14.98 49.19 43.79 2.68 3.65 0.66 
Hansen et al. Weanlings 70 11.24 13.64 11.97 45.0 49.7 2.72 2.3 0.1 
Hansen et al.* Stallions 36 10.81 8.27 14.69 50.75 43.75 2.0 4.0 0.5 
Hansen et al.” Nonlactating mares 17 9.69 10.8 13.5 44.1 50.1 1.3 3.9 <0.5 
Hansen et al.” Lactating mares 1 8.34 9.58 11.9 37.6 50.6 1.5 5.0 <0.5 


[ 297 ] 


M. Lots CaLHouN 


Hemoglobin 
content? 
No. of Gm. 
Author anim.** (%) 100 ce. 
Burnett* 62.0-11.0 9.0-11.0 


Habersang* * 
Hauber® 
Meyer™ 
Kohanawa™ 12 
Dremjatsky 

et al.* 
Scarborough* ** 


25F 2ip 


65.0-77.0 
70.0-95.0 


9.0-11.0 
10.0-13.0 


Neser™ 
Stewart and 


DISCUSSION 


Table 2 summarizes the literature on the 
blood picture of horses other than the 
Thoroughbred, and table 3 reviews the 
data on cattle blood. Tables 4 and 5 pre- 
sent the hemograms of the experimental 


animals used in this study. 


Hemoglobin 
content? 
No. of Gm. 
Author anim.** (%) 100 ce. 

Dimock and 

Thompson™ 3m 18F 59.75 8.25 
DuToit" 7P 62.0 8.5 
Kuhl® 
Meyer™ 
Basel and 

Lewek” 
Kohanawa* 12 
Sergent et al.” 39 
Canham™ 12F dry 
Fraser® 41 
Scarborough* 60.0 8.26 
Wirth* 60.0-80.0 8.26-11.0 
Miller * 56F 87.1 12.0 
Thormahlen 
Zemljic® 50 
Thijn™ 12 
Bell and Irwin ** , 
Wirth and 

Mader* 
Delaune*® 5 
Delaune and 

Mayhew 4 
Ferguson et al.“ 251 
Moore * 15 9.1 
Nayar et al.* 80 
Samaha and 

Dobrovolny 16 


w.b.c. 
r.b.c. hun- 
millions/ dreds/ Neutro 
cu. mm. cu. mm. phils 
5.5-10.0 65.0-110.0 50.0-70.0 
6.5- 9.5 69.0-110.0 50.0-75.0 
7.8-11.0 67.0-110.0 50.0-62.0 
60.0-70.0 
7.201 80.68 54.2 
7.8-8.9 70.0- 93.0 50.0-60.0 
7.8 92.6 56.8 
7.0-10.0 70.0-100.0 55.0-65.0 
Ave. 60.0 
45.0-60.0 
6.0- 7.0 66.0-118.0 36.0-72.0 


45.0-60.0 


Company, 1930. 


It seems feasible, since any so-called 
‘*normal’’ limits of either blood or bone 
marrow must be arbitrarily chosen, that 
some animals without evidence of abnor- 
mality may have counts that do not fall 
the range 

Shukers, 


within 
normal. 


AM. J. Ver. REs. 
APRIL 1955 


TABLE 2—Hemograms Reported on Horses 


Differential count (%) 


Lympho Mono Eosino- 
cytes cytes phils 
35.0-45.0 1.5- 3.5 1.5- 4.0 
15.0-45.0 1.5-14.0 0.5- 5.8 
32.0-46.0 1.0- 2.2 1.2- 2.5 

28.0 3.3 4.0 
38.1 2.6 4.7 
26.0-40.0 2.4- 4.5 3.2- 8.0 
30.4 8.5 3.7 
16.0-43.0 0.3- 6.0 2.0- 4.0 
35.0 3.0 3.0 
30.0-45.0 2.0- 8.0 3.0- 9.0 
13.0-56.0 1.0- 8.0 1.0-28.0 
30.0-45.0 2.0- 8.0 3.0- 9.0 


* Literature review; ** F—female, p—pregnant; ¢t The percentage of hemoglobin was converted to grams fro:n 
conversion tables of Bausch and Lomb Optical 


ordinarily 
Langston, and 


were of this opinion. 


r.b.c. w.b.e. 
millions hundreds Neutro- 
cu. mm. cu. mm. phils 
6.1526 54.86 30.49 
6.54 78.6 38.8 
24.0 
44.3 
44.6 
6.779 82.1 33.0 
10.0 22.0 
6.66 97.0 34.0 
28.4 
6.6 93.0 31.9 
5.0-7.0 50.0-100.0 25.0-50.0 
Ave. 30.0 
6.325 86.16 
6.0 82.2 80.0-40.0 
6.1169 70.08 32.42 
46.0-109.6 32.0-54.0 
6.1228 95.74 34.89 
5.0-7.0 50.0-100.9 39.0 
6.39 102.25 25.9 
6.05-6.80 95.30-107.63 19.1-29.8 
: 89.1152 34.73 
63.80 32.7 
81.00 8.0-57.6 
8.224 84.12 21.0 


* Literature review ; 
version tables of Bausch 


and Lomb Optical Company, 1930. 


Differential count (%) 


Lympho- Mono Eosino- 
cytes cytes phils 
54.22 1.47 13.15 
49.0 3.7 8.0 
65.0 10.0 5.0 
46.7 5.3 3.7 
44.0 1.6 9.6 
51.7 4.3 10.9 
59.5 7.5 10.0 
53.0 4.0 8.0 
54.7 6.7 9.9 
55.4 5.2 7.7 

37.0-63.0 3.0-10.0 3.0-8.0 
50.0 5.0 6.0 
50.0 7.0 10.0 
52.52 5.79 8.96 

$0.0-48.0 1.0-5.0 6.0-23.0 
42.27 9.46 12.4 
50.0 5.0 6.0 
8.0 7.0 

56.0-61.6 7.2-9.0 5.0-15.0 
41.24 7.94 14.87 
58.3 2.9 4.33 

20.6-89.0 0.4-8.0 1.0-27.0 
62.0 8.5 4.8 


considered 


Baso 
phils 
0.2 -0.7 
0.0 -0.7 
0.5 -1.6 

0.3 

0.4 

1.5 
0.46 
0.1 -0.6 
0.5 

0.0 1.0 
0.0 -3.0 
0.0 -1.0 


Day *° 


Baso- 
phils 


0.5 


0.2 


0.1 
1.0 
1.0 
0.1 
0.62 
0.0-0.5 
0.1 


1.0 

0.8 
0.0-1.0 

1.003 


0.62 
0.6 


1.7 
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Holman ” 36 
Lemarre*” 
TABLE 3—Hemograms Reported on Cattle 

0.59 
| 
0.0-1.0 
0.1 

P ** F—female, M—male; ¢ The percentage of hemoglobin was converted to grams from con 
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TABLE 4—Hemograms of the Horses Used in This Study 


Hemoglobin 
contentt Differential count (%) 
Gm./ millions hundreds Neutro- Lympho- Mono- Eosino- Baso- 
(%) 100 ee. cu. mm. cu, mm. phils cytes cytes phils phils 
58 7.98 8.020 8.4 66.7 26.7 3.3 9.0 0.3 
68 9.36 4.905 clotted 61.0 30.0 4.0 4.0 1.0 
88 12.13 11.350 clotted 85.0 10.0 3.0 0.0 2.0 
58 7.98 8.440 8.7 66.7 31.0 0.7 1.3 0.3 
5 M* 54 7.55 6.325 8.34 68.0 25.4 1.3 4.3 1.0 
5 80 11.02 12.040 9.92 43.4 44.0 2.3 9.0 1.3 
data lost before recorded 78.3 14.0 3.7 3.3 0.7 
Range 54.0-88.0 7.55-12.13 4.905-12.040 8.34-9.92 43.4-85.0 10.0-44.0 0.7-4.0 0.0-9.0 0.3-2.0 


Ave. 67.6 9.33 8.546 8.84 67.01 25.87 2.61 4.41 0.94 


* M—male castrate; ¢ The percentage of hemoglobin was converted to grams from conversion tables of Bausch 
and Lomb Optical Company, 1930. 


TABLE 5—Hemograms of the Cows Used in This Study 


Hemoglobin 
content* Differential count (%) 

Gm./ millions hundreds Neutro Lympho Mono- Eosino- Baso 

(%) 100 ee. cu. mm. cu. mm. phils cytes cytes phils phils 

7.545 14.14 46.7 37.3 10.0 6.0 0.0 

6.850 6.72 23.7 55.3 8.7 11.7 0.6 

120 16.51 7.940 7.06 19.3 67.3 5.3 7.7 0.3 

93 12.81 6.125 6.36 28.7 54.3 8.3 8.0 0.7 

78 10.74 6.790 6.86 19.7 64.7 6.0 9.0 0.6 

88 12.12 5.280 8.08 27.0 64.0 4.3 4.0 0.7 

85 11.7 6.865 4.26 41.67 44.0 4.3 9.7 0.3 

67 9.22 4.77 6.76 40.0 40.4 13.3 5.0 1.3 

63 8.67 4.530 6.82 31.0 52.4 7.3 9.0 0.3 

108 14.87 6.900 8.90 23.33 49.7 11.7 14.3 1.0 

85 11.7 6.760 10.32 17.33 63.0 4.7 14.0 1.0 

83 11.4 6.615 7.14 27.0 56.7 0.7 14.3 1.3 

75 10.33 5.110 7.66 51.0 33.0 2.0 13.3 0.7 

90 12.39 5.880 7.54 37.7 53.3 5.0 3.7 0.3 
Range 63-120 8.67-16.51 4.53-7.94 4.26-14.14 17.3-51.0 383.0-67.3 0.7-13.3 3.7-14.3 0.0-1.3 
Ave. 86.3 11.87 6.2832 7.7585 31.01 53.17 6.61 9.33 0.68 


* The percentage of hemoglobin was converted to grams from conversion tables of Bausch and Lomb Optical 
Company, 1930. 
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Graph 1—A comparison of the neutrophils of the bone marrow and blood of 14 cows. 
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In graph 1, the differential counts of the 
promyelocytes, the neutrophilic myelo- 
cytes, which included all the developmen- 
tal stages between the myelocytes and the 
segmented stages, and the adult neutro- 
phils of the cow bone marrow were plotted 
on the same graph with that of the neutro- 
phils of the blood stream. Observation will 
reveal that in all cases there are few pro- 
myelocytes and an increase in the number 
of neutrophilic myelocytes over the pro- 
myelocytes, but the adult cells in the mar- 
row are fewer in number again. The neu- 
trophils in the blood stream exceed those 
of the bone marrow severalfold. Graph 7 
shows the maturation curves for each indi- 
vidual animal and emphasizes their simi- 
larity. This graph and curve support the 
statement of Doan and Zerfas *° that there 
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is a striking reciprocity between the neu- 
trophilic myelocyte and the mature neu- 
trophil of both bone marrow and circulat- 
ing blood. A mean of the maturation 
curves for the cow given here compared 
favorably with the data given by Hjirre * 
and Mareato.*’ Cotti* illustrated a grad- 
ually ascending maturation curve for the 
neutrophils of human marrow. 

Graph 2 and 8 present similar data for 
the horses used in this study. 

Graph 3 presents comparisons for the 
eosinophilic series of the horse. In 6 of the 
7 animals the mature eosinophil of the 
bone marrow occurred in fewer numbers 


Eosinophilic myelocytes 
£3 Eosinophilic granulocytes - marrow 
Eosinophilic granulocytes -biood 
9.0 


3.3 


~ 


3 4 


ANIMAL NUMBER 


Graph 3—A comparison of the eosinophils of 
the bone marrow and blood of 7 horses. 


3.0 


ro) 


ANIMAL NUMBER 
Graph 4—A comparison of the eosinophils of the bone marrow and blood of 14 cows. 
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than the developing cells of that series, 
which indicates a positive correlation be- 
tween the developing eosinophilic series 
and the mature marrow eosinophil. Fur- 
ther examination of these data show that 
in animals 1 and 6, the blood eosinophil 
occurred in many more numbers than the 
eosinophilic myelocytes. In animals 3 and 
4 the reverse was the case, and in animals 
2, 5, and 7 they occurred in approximately 
equal numbers. Imaginary lines connect- 
ing the tops of the bars in each individual 
animal (the maturation curve) will fur- 
ther emphasize this lack of uniformity be- 
tween the marrow eosinophil and the blood 
eosinophil. Graph 4 indicates similar data 
for the cow. Tétterman**® made such a 
study on 66 persons with broad tapeworm 
and concluded that there was no parallel- 
ism between eosinophilia in the blood and 
in the bone marrow. Barta found that 
eosinophils might be increased in numbers 
in the bone marrow without appearing in 
the peripheral blood. 

Graphs for the red blood cell series of 
both the horses and cattle used in this 
study are shown in graphs 5 and 6. The 
total erythroid cells represent the sum of 
the erythroblast and normoblast series. 
These are enumerated in percentage of all 
the kinds of marrow cells present, while 
the red blood cells are given in millions 
per cubic millimeter. It can be seen that 
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Graph 5—A comparison of the 
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red blood cell series counts 
red blood cell counts in 14 cows. 


the numbers of erythroblasts exceed the 
numbers of normoblasts in most all ani- 
mals. In comparing animals, it can be ob- 
served that if a certain value in one animal 
is lower than the next then the others are 
lower too (for example graph 6, animals 4 
and 5). The erythroblasts in animal 5 are 
fewer than in animal 4 and so are all other 
values in 5 as compared with 4. While the 
relation may not be as pronounced as in 
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Graph 6—A comparison of the -ed blood cell 
series counts in the marrow with the peri- 
pheral red blood cell counts in 7 horses. 
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Graph 7— Maturation curves for the neutro- 
phils of the individual horses. 


the white blood cell series, a favorable cor- 
relation exists. 
SUMMARY 


A literature review of the normal blood 
cell counts of horses and cattle has been 
presented. Relationships of the developing 
blood cell series to the peripheral blood 
cells were shown graphically. These indi- 
eated a direct relation between the neutro- 
philic myelocyte and the mature neutro- 


phil. Individual maturation curves of the 
neutrophils for ali animals were similar. 
There was a positive correlation between 
the eosinophilic myelocyte and the adult 
marrow eosinophil but no parallelism be- 
tween the marrow eosinophilic series and 
the blood eosinophil. Graphs for the red 
blood cell series showed a most favorable 
correlation between erythroblasts, normo- 
blasts, and peripheral red blood cells. 
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THE virus of Venezuelan equine encepha- 
lomyelitis (VEE) was first reported to 
have been grown in tissue culture by Len- 
nette and Koprowski." 

They propagated the virus in cultures of minced 
chicken embryo (after removal of the central 
nervous system) suspended in 10 per cent human 
serum and Tyrode’s solution. Gajdusek et al.’ re- 
ported multiplication of VEE in human uterine 
tissue employing suspended tissue fragments in 
Hank Simms mediums and succeeded in transfer- 
ring the virus through 15 serial passages in human 
uterus. In a continuation of their work, the au- 
thors have employed a variety of tissues for prop- 
agation of the virus of VEE. To date, this agent 
has been serially passaged, using the technique of 
Gajdusek et al.,? through 21 eultures of human 
uterus, 28 of canine uterus, 43 of chicken embryo 
(heads removed), 18 of guinea pig heart, and 35 
of 1-day-old chicken kidney tissue. No difficulty 
has been encountered in obtaining evidence of 
viral multiplication in any of these tissues by in- 
feetivity tests in mice. Identity of the virus was 
periodically confirmed by neutralization tests in 
mice employing techniques previously described * 
for both the suspended fragment tissue culture 
and propagation in a stable strain of human 
malignant epithelial cells (strain HeLa). 

This paper concerns itself with the successful 
propagation and growth characteristics of VEE 
virus in Hela cells. Scherer et al.‘ employed this 
type of tissue culture for studies on the propaga- 
tion of poliomyelitis virus. The cells supported 
the growth of all three types and could be pre- 
vented by adding homotypic antibody to the eul- 
tures. Syverton and Scherer’ reported a summary 
of results that cellular cultures of HeLa strain 
readily support the growth of herpes simplex, vac- 
einia, pseudorabies, pseudolymphocytic choriomen- 
ingitis, Japanese encephalitis, Eastern equine en- 
cephalomyelitis, and members of the Coxsackie 
group of viruses. 


MATERIALS AND METHODS 


Virus.—The strain of virus employed through- 
out the study was isolated at the Army Medical 
Service Graduate School in October, 1943, from a 
naturally infected donkey brain received from 
Trinidad, B.W.I.° Sinee that time, the strain has 
been carried in guinea pigs, mice, and chicken 
embryos and is the reference strain for all work 
done in this laboratory with VEE. The primary 
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Cultures of Human Malignant Epithelial Cells, Strain HeLa 
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inoculum for the strain HeLa cell culture was a 
10 per cent suspension of the sixteenth mouse 
brain passage. The lethal (l.di.so) of the 
inoculum as titered intracerebrally in 12- to 14 
Gm. Swiss Bagg mice was 10°°°. 

Tissue Culture—tThe cell HeLa 
nated from an epidermoid carcinoma and has been 
serially grown and passed in vitro since 1951.’ The 
tube and bottle cultures as well as the nutrient 
fluid employed throughout the studies were ob- 
tained from Microbiological Associates, Inc., Be- 
thesda, Md. The HeLa cells were cultivated and 
maintained in a nutrient fluid containing 40 per 
cent pooled human serum and 60 per cent Hank’s 
solution plus 50 units of penicillin and 50 ug. of 
streptomycin per milliliter. The tube cultures, con 
taining 1 ml. of nutrient fluid, were grown in 16 
by 150-mm. tubes and remained viable five to 
seven days after incubation. Prior to inoeulation, 
all nutrient fluid was removed from the cells and 
0.8 or 0.9 ml. of new nutrient fluid was added de- 
pending upon the amount of inoculum to be used. 
For special studies, large cultures were obtained 
in 32-ounece prescription bottles. These cultures 
contained 6 to 10 million eells compared to the 
60 to 80 thousand found in the tube cultures. Both 
bottle and tube cultures were kept tightly stop 
pered and ineubated at 35C. in a_ stationary 
position. 

Virus Techniques.—All 
tions were performed by the inoculation of serial 
tenfold dilutions of tissue culture supernatant 
fluids into groups of 5 mice or duplicate two- to 
five-day-old HeLa cell cultures. Nutrient fluid was 
used as a diluent for all HeLa cell titrations and 
0.2 per cent bovine plasma albumin in buffered 
salt solution*® or nutrient fluid was employed for 
titrations in mice. Swiss Bagg mice, 12 to 14 Gm. 
each, were inoculated intracerebrally with 0.03 ml. 
of inoculum. All mice receiving a given dilution 
were placed in separate containers because of the 
eross infections which occur between high and low 
virus dilutions when all inoculated mice are kept 
in one large container.” Using the method of Reed 
and Muench,” the l.d.s end points were calculated 
counting all deaths occurring between the second 
and tenth days after inoculation. The HeLa cell 
titrations consisted of inoculating 0.1 ml. of vari- 
ous virus dilutions into duplicate HeLa culture 
tubes containing 0.9 ml. of nutrient fluid each. 
The cultures were microscopically examined daily 
for evidence of virus infection. The highest dilu- 
tion of virus causing a cytopathogenic effect upon 
the cell culture within five days after inoculation 
was considered as the end point of the titration. 


doseso 


strain origi- 


virus infectivity titra- 
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Fig. 1— Photomicrograph showing the cyto- 

pathogenic degeneration of strain HeLa cells 

by Venezuelan equine encephalomyelitis 

(VEE) virus; photographed four days after 

inoculation with the twenty-first VEE HeLa 
cell passage. x 112. 


In several trials, VEE hyperimmune rabbit se- 
rum was mixed with an equal amount of super- 
natant from tissue culture tubes in whieh cells 
showed cytopathogenic changes and which was 
later proved to be infectious for mice. This mix- 
ture was incubated at room temperature for thirty 
minutes. Two tenths of the serum-virus mixture 
was inoculated into HeLa tubes containing 0.8 ml. 
of nutrient fluid and observed daily for evidence 
of virus infection. Uninoculated tubes and tubes 
inoculated with the serum-virus mixture did not 
present cellular changes, whereas control tubes in- 
oculated only with 0.1 ml. of HeLa-infected super- 
natant showed characteristic cellular degeneration. 

Passage was made from one HeLa eell-eulture 
tube to another at intervals ranging from the see- 
ond to the fifth day after inoculation depending 
on the degree of cellular degeneration. The super- 
natant fluids were removed and centrifuged at 
400 g for ten minutes to remove cellular debris. 
The inoculum was usually 0.1 ml. of undiluted 
fluid although 0.2 ml. was used for the first seven 
passages. Microscopic observations were made 
daily to determine the effects of virus infection 
on the cells. 


Uninoeulated HeLa cell eultures were used as 
controls for each individual study. They were 
treated exactly as inoculated cultures and ob- 
served daily as a base line for degeneration. At 
the end of five days of ineubation, they were 
discarded. 


EXPERIMENTAL RESULTS 


Twenty-One Serial Passages of VEE in 
Strain HeLa Cell Cultwres.—Venezuelan 
equine encephalomyelitis was propagated 
through 21 serial passages in strain HeLa 
cell cultures. The virus was capable of 
infecting human epithelial cancer cells 
and producing microscopic cytopathogenic 
changes which occurred between thirty-six 
and 120 hours after inoculation (fig. 1 and 
2). The changes involved an increased 
granulation within the cell with ultimate 
rupture, shrinkage, and detachment from 
the glass substrate. The l|.d.,, titers, as de- 
termined by mouse brain inoculation, in 
the first 20 passages ranged from 10°*° to 
10°°*. There was no consistent increase in 


Fig. 2—Photomicrograph of normal cells from 

strain HeLa which had been maintained in 

HeLa nutrient fluid for four days of incuba- 
tion. x 112. 
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TABLE 1—Comparative Infectivity End Points 

of Venezuelan Equine Encephalomyelitis Ob- 

tained from Assays in Strain HeLa Cells and 
Mouse Brain 


: Infectivity of supernatant fluids for: 
No. of culture <2 


passages HeLa cells Mouse brain 
of virus as logs as logs 
fa 3.5 5.4 
10 5.0 6.2 
1} 3.5 4.3 
13 5.0 6.3 
14 5.5 5.5 
16 5.0 5.8 
18 4.5 5.5 


titers as the passages continued. The su- 
pernatant fluid from the twentieth HeLa 
passage represented a 10™** dilution of the 
original mouse brain inoculum. 

Titration of VEE Virus in Strain HeLa 
Cell Cultures—It was observed that strain 
HeLa cell cultures could be used to readily 
determine the titer of VEE virus. Tenfold 
serial dilutions of virus made in Hela 
nutrient fluid and inoculated in dupli- 
cate tube cultures produced microscopic 
changes within the epithelial cancer cells. 
The highest dilution causing degeneration 
within five days after incubation was con- 
sidered the end point of the titration. 
Table 1 illustrates the I.d.,,, of titrations in 
HeLa cells as compared to concurrent ti- 
trations in mouse brain. It can be noted 
that in every case, HeLa cell cultures were 
not as sensitive an indicator of virus as 
mouse brain inoculations. However, the 
final end point of a titration in HeLa cells 
could be determined in half the time re- 
quired for mouse brain titrations. 

Effect of Incubation Time on the Final 
Titer of VEE Virus in HeLa Cell Cul- 
tures—The eighteenth passage fluid of 
VEE in human epithelial cancer cells was 


TABLE 2—The Effect of Incubation on the 

Ability of Venezuelan Equine Encephalomyeli- 

tis to Destroy Strain HeLa Cells in Successive 
Decimal Dilutions of Inoculum 


Mouse Infectivity of Supernatant Fluid in Logs 


Cellular 

— Duration of cultivation degener- 

in hours ation due 

Passage inoculum to virus 

48 72 96 120 168 infection 
10-1 6.0 65 62 46 NT 

10° §5 64 65 50 NT + 

1s 10-* 42 5.2 65 62 NT 
10-* 16. 46 24 45 6.2 


10° 0 0 0 0 0 


Not tested. 


IN LOGS 


T T T T 
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INCUBATION TIME IN HOURS 
Graph 1—The growth curve of Venezuelan 


equine encephalomyelitis virus in human epi- 
thelial cells, strain HeLa. 


diluted 10° to 10° in nutrient fluid. Using 
an inoculum of 0.1 ml. of virus dilutions, 
six HeLa tube cultures were infected per 
dilution. Each day 0.05 ml. of supernatant 
fluid was removed from each culture, 
pooled according to dilutions, and titrated 
in mice. Table 2 demonstrates the ability 
of VEE to multiply in strain HeLa cells 
using serial tenfold dilutions of inoculum. 

Growth Curve of VEE in a Strain HeLa 
Cell Culture.—A large 32-ounce HeLa bot- 
tle culture containing 36 ml. of nutrient 
fluid was inoculated with 4 ml. of 10° di- 
lution of the eighth HeLa passage. Imme- 
diately after inoculation, the fluids were 
mixed and 0.2 ml. removed and titrated. 
Thereafter, at regular intervals, 0.2 ml. of 
supernatant fluids were removed and ti- 
trated in mice to determine a growth curve 
of VEE in HeLa cell cultures. Graph 1 
demonstrates the curve obtained from the 
various titrations. It is evident that viral 
proliferation occurs at its maximal rate be- 
tween the forty-fifth and one hundredth 
hours of incubation. After the one hun- 
dredth hour of incubation, the titer gradu- 
ally decreased. As long as 420 hours after 
inoculation, test mice could be infected 
with the supernatant. 


DISCUSSION 
The virus of Venezuelan equine enceph- 
alomyelitis (VEE) is known to have one 
of the widest host ranges of any viral 
agent. The ability of this agent to propa- 
gate readily in tissue culture preparations 
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of canine uterus, human uterus, chicken 
embryo, guinea pig heart, chicken kidney, 
and a strain of human malignant epithe- 
lial cells has been shown by infectivity 
tests in mice. Tissue culture tubes can be 


employed for titration of viral suspen- 
sions, for neutralization tests, and for 
study of the growth characteristics of 


VEE. 
SUMMARY 

1) Venezuelan equine encephalomyelitis 
virus will infect a stable strain of human 
malignant epithelial cell tissue cultures 
(strain Hela) and will cause cytopatho- 
genic destruction of the cells within thirty- 
six to 120 hours after incubation. 

2) It has been propagated through 21 
serial passages in strain HeLa cells and 
has retained its pathogenicity for mice. 

3) The destructive infectivity of VEE 
for strain HeLa cells can be prevented by 
the addition of specific VEE hyperimmune 
rabbit serum. 

4) The quantitation of VEE virus has 
been measured by titration in strain HeLa 
cells. The end points obtained from such 
titrations were not as high as from mouse 
brain titrations. 
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The Physiological Action of Parathion in Goats 


CHARLES G. WILBER, Ph.D., and ROGER A. MORRISON, Ph.D. 


Army Chemical Center, Maryland 


THE oBJectT of this work was to ascertain 
the toxicity of parathion,* an anticholines- 
terase drug, and its effects on reproduction 
and milk production in goats. 

Reeent workers’ with dairy cattle report that 
parathion in the form of wettable powder was 
given with impunity to a cow in daily doses as 
high as 32 mg./kg. of body weight. No toxic signs 
and no deerease in red cell cholinesterase activity 
were recorded following such a dose. It has also 
been reported* that goats treated with various 
doses of nerve gas** show tremendous increases 
(up to three times that in normal goats) in blood 
sugar in a short time. 

Studies have been in progress in this 
laboratory on the effect of anticholinester- 
ase drugs on reproductive activities in 
mammals. As part of this program, an in- 
vestigation of the influence of parathion 
on milk production and gestation in goats 
was begun. In view of previous work on 
the response of blood sugar to nerve gas, a 
study of blood sugar changes after para- 
thion treatment in goats was included. 


MATERIALS AND METHODS 


Animals.—The species Capra hircus was used. 
All the goats used in this work were supplied 
from the experimental herd maintained at the 
Chemical Corps Medical Laboratories, Army Chem- 
ical Center, Maryland. No past history of the 
animals was available. Low grade parasitic pneu- 
monia was common in the herd. Females, chiefly, 
were used beeause a study of milk production was 
planned. 

Housing, Care, and Feeding.—All test animals 
were housed in a thermostatically controlled build- 
ing; the temperature of the barn during the 
course of the work was maintained between 68 
and 72F. The nonlactating goats were confined 

From the Chemical Corps Medical Laboratories, Army 
Chemical Center, Md. 

We thank the American Cyanamide Corporation for 
supplying the parathion used in this work. Invaluable 
aid was rendered by the 2 enlisted men, Pfe Cameron 
Thom and Pfe Paul Rosandick, who tended the goats, 
milked them, and assisted in the various experimental 
procedures. Our thanks are also due Mr. B. Wayne 
Kelly, the asssitant county agent of Harford County, who 
gave helpful advice on dairy matters and to the Harford 
County Agricultural Extension Office for the loan of the 
special centrifuge used in the Babcock tests. Finally, we 
wish to thank Captain Max Colton, V.C.. U. S. Army, 
and Lt. Douglas Darlington, V.C., U. S. Army, for per- 
forming the surgery involved in the present work. 

* p-Nitrophenyl diethyl thionophosphate. 

** Isopropyl! methyl phosphonofluoridate (a related an- 
ticholinesterase drug). 


308 | 


in a pen with a floor area of 12 by 12 ft.; a max- 
imum of 8 goats were kept in the pen at one time. 
They were provided with water, salt, good quality 
alfalfa hay, and a grain mixture at all times. 
Experimental animals were usually kept under 
these conditions for one week prior to the actual 
experiment. Goats were milked twice each day at 
6 a.m. and 6 p.m. The milk was tested according 
to the procedure suggested by Morrison.* Milk 
fat was tested according to the Babeock method.‘ 

The Drug.—Liquid parathion was used in some 
of the work. It was indicated as 98.76 per cent 
pure (part of lot w. 10126). A 25 per cent wet- 
table powder was used in other experiments (part 
of item 3422). If the dose of parathion to be ad- 
ministered was large enough for aceurate measur- 
ing with the syringe, the pure, undiluted material 
was used. For smaller doses, the parathion was 
diluted 1:10 or 1:100 with peanut oil. Intramus- 
cular injections posteriorly in the 
thigh. Oral doses were given in gelatin capsules. 
Unless the blood cholinesterase activity of a goat 


were made 


was required prior to treatment, all administra- 
tions of the drug were made in the morning. 

Blood Sampling and Analysis.—All blood 
drawn from the jugular vein. During the early 
phases of the work, all animals were bled one hour 
after treatment. In 
dosages, it was soon evident that no effect was 


was 


later phases involving low 


obtained within one hour. Consequently, control 
blood sampling was done immediately before dos- 
ing and then at periodic required. 
Blood was introduced into heparinized graduated 
centrifuge tubes. Analyses of samples were begun 
within two hours after collection. Values in the 
tables for a given day reflect the response of the 
animals to treatment administered the day pre- 
viously. Red cell cholinesterase activity was esti- 
mated electrometrically.” Blood 
ured colorimetrically.” 
In order to ascertain 
parathion given to lactating goats would result in 


intervals as 


sugar was meas- 


whether large doses of 


milk which contains products toxie to nursing, 
goat 35 was treated, at the onset of lactation, 
with parathion injected intramuscularly. The kid 


received milk from the poisoned mother and its 
red cell cholinesterase activity was measured along 
with that of its mother. In addition, a newborn 
kid was fed by bottle with milk from lactating 
goats that were receiving large doses of parathion. 
The red cell activity of this kid 
(No. 34) was also measured. 


cholinesterase 


& RESULTS 


Signs of Poisoning.—The general signs 
of parathion poisoning are summarized as 


¢ 
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follows: The first sign noticed in a goat nates frequently, flicks its tail dorsally at 
given single doses (50 mg./kg., orally) is frequent intervals during the early stages, 
unrest. The animal apparently ‘‘senses’’ walks nervously about the pen, and rubs 
that something is not quite right. It uri- its sides against the walls. Very soon the 


TABLE 1—Toxicity of Parathion to Goats 


Final 


cholin- 
Blood glucose 
No. of Each Total esterase jee Time 
Goat Weight daily dose dose in % of : om to 
(No.) (kg.) doses (mg./kg.) (mg.) control control final death Remarks 
OraL Rovute—Liquww Drvue 

8 17 1 200 3,400 17 R85 92 1.5 hr 

7 15 1 150 2,250 25 63 80 2.0 hr. 

6 16 i 100 1,600 31 63 104 10 days 

5 18 1 50 900 . 85 107 1.5 hr 

14 30 2 60 3,600 10 118 140 2 days 

13 20 3 40 2,400 0 89 198 4 days 

12 31 3 20 1,860 0 82 150 3 days 

20¢ 33 6 te 3,960 43 ; : 8 days Same animal as 20b; used 
after 2-week recovery period 

18¢ 47 5 16 3,760 15 a 5 days Same animal as 18b; used 
after 2-week recovery period 

20b 33 5 12 1,980 100 63 63 - No effect; same animal as 
20a after 2-week recovery 
period. 

19b 26 5 12 1,550 20 79 63 5 days Death on Sth day but had 
been weakened by previous 
doses; cumulative effects; 
same animal as 19a after 2 
week recovery period. 

18) 47 5 8 1,880 100 75 73 Same animal as 18a; used 
after 2-week recovery pe 
riod; no effect 

20a 33 14 4 1,848 100 80 70 No effect. 

19a 26 10 2 520 60 79 63 In previous regimen red 
blood celi ChE dropped to 
60%, animal sick; 2nd 
treatment period, no effect 

15a 25 14 1 350 100 84 75 No effect. 

INTRAMUSCULAR ROUTE 

4 27 1 50 1,350 50 92 97 5.0 hr. 

3 24 1 40 960 ll 85 179 24.0 hr. 

2 23 1 30 690 72 92 al 10.0 hr 

1 25 1 20 500 10 87 wed 8 days 

11 28 2 20 1,020 29 89 bade 3 days 

10 30 3 10 900 19 84 118 3 days 

i) 30 5 5 750 0 72 229 8 days 

17 20 ~ 2 320 10 82 56 6 days ChE depressed as indicated ; 
mild symptoms with first 
treatment; ll-day recovery 
period; no increase in ChE; 
death on 6th day of 2nd 
treatment period. 

16 17 x 1 136 i) 75 73 ChE depressed as indicated 
but goat survived. 

21 43 5 0.5 108 19 73 60 Survived; no effect. 

15 24 4 0.5 48 16 76 103 10 days Death in 10 days assessed 
to a combination of lung 
worm and pneumonia. 

22 53 1,060 0 75 110 47 days 

23 46 920 80 115 47 days Pregnant. 

24 45 ‘ 900 0 100 175 39 days 

Roure—25 Per Cent WETTABLE POWDER 

27 70 9 8 5,040 0 85 220 11 days 

28 35 16 16 8,960 19 75 75 pa This goat was pregnant and 
survived despite the low fi 
nal ChE value. 

33 43 i) 32 12,385 0 86 228 10 days 


* These goats were given ten daily injections at a d°se of 0.5 mg./kg. followed by five at 1 mg./kg. These were 
then followed by five more daily injections at a dose of 2 mg./kg. 
ChE—cholinesterase. 


| 


310 


C. G. Wr.Ber AND R. A. Morrison 


Am. J. Vet. Res. 
APRIL 1955 


legs become stiff, the gait unsteady, and 
the animal begins a regular stretching of 
the neck similar to that which occurs when 
a large bolus of food is gulped. 

Animals poisoned via the oral route 
show many signs of colic, a hunched pos- 
ture, and a tense abdomen. Such goats, 
however, are able to keep on their feet 
much longer and much closer to terminus 
than are goats injected with parathion. 
Goats that have been injected show the 
first signs of muscular weakness in the 
treated leg and then in the opposite rear 
leg. Museular rigidity appears late as 
compared with goats poisoned orally. 

Miosis was apparent only after other 
signs were well developed. The extent of 
salivation varied with the individual and 
with the mode of poisoning. Goats so 
heavily poisoned as to die within a few 
hours (20 mg./kg., intramuscularly) had 
a thick, viscous mucus which clung to the 
lips and jaws. Those less heavily poisoned 
produced a thin, but profuse, watery mu- 
cus which soaked the neck and forelegs. 

It was difficult to detect moderate res- 
piratory embarrassment until the other 
signs were well developed. Near terminus, 
labored breathing was obvious. Chroni- 
cally poisoned goats (1 mg./kg. or more 
daily, intramuscularly) developed a severe 
diarrhea. Decrease in food intake was ap- 
parent in all goats given acutely lethal 
doses and in those on heavy chronic doses 
near terminus. 

Toxicity—A single intramuscular dose 
of 20 mg./kg. was enough to kill one goat 
within eight days (table 1). Two doses of 
20 mg./kg. resulted in the death of another 
goat in three days. Injections at the low 
level of 0.5 mg./kg. per day were tolerated 
by 3 goats for ten days. Daily injections 
of 1 ml./kg. for eight days depressed the 
erythrocyte cholinesterase activity to 9 per 
cent of normal in 1 goat which showed no 
effects of the drug. Another goat given 2 
mg./kg. for six days died; its cholinester- 
ase activity was depressed to 10 per cent 
of normal. 

A single oral dose of 50 mg. of liquid 
parathion per kilogram of body weight 
was lethal to goat 8 in one and one-half 
hours. Daily doses of 20 mg./kg. were tol- 
erated for less than a week. 

The goat which received daily doses of 8 
mg. of parathion per kilogram in the form 


of wettable powder for nine days was dead 
on the eleventh day. Goat 33, treated for 
a similar period with 32 mg./kg., was dead 
on the tenth day. Goat 28, treated with 
wettable powder, received a daily dose of 
16 mg./kg. for sixteen consecutive days at 
the end of which time the animal was 
alive; its erythrocyte cholinesterase had 
been depressed to 19 per cent of normal. 
Although, on necropsy, this goat was 
found to be carrying 2 kids, which would 
have been born in about ten days, the 
parathion did not induce an abortion. 

Milk Production.—The milk production 
of 3 goats (22, 23, 24 in table 1) is sum- 
marized in table 2. No significant increase 
or decrease, compared with the control pe- 
riod, can be ascribed to the parathion 
treatment. 

The production of milk by all goats de- 
clined sharply after initiating the final 
dosages which were aimed at killing the 
animals in a short period. 

Since one of the first signs of terminal 
parathion poisoning in the goats was a 
complete refusal of food, it is not clear 
whether decreased milk production re- 
sulted directly from the parathion poison- 
ing or indirectly as a sequel to the ano- 
rexia. We have no information on milk 
production in the fasting goat. 

Effect on the Fetus.—Goat 23, when de- 
stroyed near the terminal point of chronic 
poisoning, was found to be carrying 2 
three-month fetuses. Superficially, the fe- 
tuses appeared normal in all respects and 
their hearts were beating vigorously when 
they were removed from the uterus. The 


TABLE 2—The Milk Production, in Pound per 
Day, for 3 Goats Treated Intramuscularly with 


Parathion (Schedule of Parathion Injections 

Is Given in Table 1) 

Milk produced by weight 
Goat 22 Goat 23 Goat 24 

Week* Tb. s.d.** Ib. s.d. Ib. s.d. 
Nov. 11 5.2 0.35 
Nov. 18 4.4 0.46 3.7 0.58 2.8 0.51 
Nov. 25 4.9 0.40 3.5 0.24 2.2 0.24 
Dee, 2 5.0 0.42 2.8 0.60 4.2 0.36 
Dec. 9 5.2 0.28 2.7 0.53 3.8 0.37 
Dec. 16 4.9 0.45 2.8 0.14 3.8 0.36 
Dec. 23 5.2 0.24 2.5 0.28 1.6 0.10 
Dee. 31 3.7 1.69 1.5 0.35 3.8 1.23 
Jan. 7 2.7 0.37 0.9 0.33 
Jan. 14 2.3 0.73 1.1 0.10 
Jan. 21 0.6 0.00 


* November 9 to December 9, control period. 


Standard deviation. 
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red cell cholinesterase activity of heart 
blood from the fetuses was 0.14 and 0.17, 
respectively. The control value for the 
mother was about 1.05; her value just be- 


TABLE 3— Normal Cholinesterase Values of 
Fetuses from Unpoisoned Lactating Goats 


Cholinesterase A pH 


Fetus Age 

(No.) (months) Erythrocyte Plasma 
1 4%-5 1.33 0.29 
2 4%-5 59 0.24 
3 2% -3 1.74 0.22 
4 2%-3 1.44 


0.23 


fore necropsy being 0.0 per cent of normal. 
In order to ascertain whether some anti- 
cholinesterase material crosses the placenta 
and exerts an influence on the fetuses, ce- 
sarotomies were done on unpoisoned goats 
carrying fetuses of different ages. The 
erythrocyte cholinesterase values of these 
fetuses are shown in table 3. From ecom- 
parison of table 3 with the above values of 
0.14 and 0.17 pH, it is clear that the eryth- 
rocyte cholinesterase in fetuses from lac- 
tating goats poisoned with parathion ‘vas 
depressed by about 85 per cent. 

Toxic Milk.—At the onset of lactation, a 
goat was injected intramuscularly at a 
daily level of 2 mg. of parathion per kilo- 
gram and 2 kids were fed on her milk. No 
change in the kids’ erythrocyte cholines- 
terase activity was observed for ten days. 
When the dose for this goat was increased 
to 4 mg./kg. daily for twelve days, her 
erythrocyte cholinesterase activity had re- 
duced to about 5 per cent. The conditions 
in the kids were as follows: 


Erythrocyte 


Days of feeding cholinesterase 


Kid toxic milk in % of normal 
A 12 67 
B 10 31 


The goat died on the thirteenth day but 
the kids showed no obvious signs of poison- 
ing. One week after being returned to 
nontoxic milk, their cholinesterase values 
had returned to 80 per cent of normal. 
Blood Sugar.—Blood glucose values be- 
fore and after treatment with parathion 
are shown in table 1. Most goats which 


sho. ed a depression of erythrocyte cho- 
line: terase values, plus toxic symptoms, 
also showed a marked increase in blood 
sugar near the end of the treatment. In 
several goats, the increase in blood sugar 
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was remarkable. For example, in goat 27 
(0 % final cholinesterase value) the blood 
sugar increased from the control value of 
85 mg./100 ml. to 220 mg./100 ml.; in goat 
33 (0% final cholinesterase value) from 
86 to 225 mg./100 ml.; goat 13 (0% cho- 
linesterase value) 89 to 198 mg./100 ml.; 
and in goat 3 (11% final cholinesterase 
value) 85 to 179 mg./100 ml. Some goats 
showed depressed erythrocyte cholinester- 
ase values but exhibited no toxic signs and 
were not killed by the dosage levels used 
(e.g., goats 16, 21, 20b, 18b, 28). These 
animals also showed no significant changes 
in blood glucose values during treatment. 


DiscUSSION 

Toxicity of Wettable Powder—Pankas- 
kie, Fountaine, and Dahm" gave oral doses 
as high as 32 mg./kg. per day to a dairy 
cow for a week with no toxie effects, no 
decrease in red cell cholinesterase activity, 
and no measurable effects on milk produc- 
tion, weight, and general health of the cow. 

Goats are less resistant to parathion. A 
daily dose of parathion of 8 mg./kg., in 
the form of 25 per cent wettable powder 
killed goat 27 in eleven days (table 1). 
The erythrocyte cholinesterase activity of 
this animal was depressed by the treat- 
ment to 0 % of normal and the blood sugar 
was elevated over two and one-half times 
the normal value. Another goat (33) given 
32 mg./kg. daily was killed in ten days 
(table 1). The final cholinesterase value 
was 0% of normal and the blood sugar 
was increased over two and one-half times 
the control value. A single pregnant goat 
received 16 mg./kg. of parathion daily in 
the form of wettable powder for sixteen 
days with no apparent harm. Although 
her cholinesterase was depressed to 19 per 
cent of normal, she showed no toxic signs 
and her blood sugar remained unchanged. 
Whether pregnancy confers resistance to 
parathion poisoning can not be decided on 
the basis of 1 goat. 

Oral Administration.—lIf the parathion 
is given to goats orally as the pure drug, 
a dose of 12 mg./kg. for five days is lethal 
to some (table 1, 19b) but not to others 
(table 1, 20b). In goat 12, 3 daily doses of 
20 mg./kg. were lethal, whereas in goat 
20e, 6 such doses were required to kill. In 
the former goat, a total dose of 60 mg./kg. 
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led to death; in the latter, twice that 
amount was necessary. 

Intramuscular Administration. — Para- 
thion given intramuscularly was more 
toxie than by any other route tested. Five 
daily doses of 5 mg./kg. resulted in death 
(table 1) of goat 9 in five days. Higher 
doses resulted in death in a much shorter 
time. 

Blood Sugar.—An interesting point, not 
previously reported to the best of our 
knowledge, is the increase in blood glucose 
which obtains in the terminal stages of 
chronie parathion poisoning. Unfortu- 
nately, this fact did not come to our atten- 
tion soon enough for a complete series of 
blood glucose tests to be made on all goats. 
The evidence is quite clear, however, that 
as death approaches a tremendous increase 
in blood sugar occurs. The precise cause 
of the hyperglycemia is not known. It may 
be merely a result of anoxia brought about 
by the respiratory embarrassment which is 
one of the symptoms of anticholinesterase 
poisoning. It has been suggested’ that 
anticholinesterase compounds affect the 
adrenal glands and that this brings about 
an inerease in blood sugar. Similar in- 
creases of several times the value in blood 
glucose have been reported ? after treating 
goats with nerve gas. These cases of hy- 
perglycemia resulted from acute treatment 
with nerve gas and were observed within 
an hour or so after treatment. 

In the present work, hyperglycemia was 
observed after several days or weeks of 
treatment. All animals that showed 
marked hyperglycemia died. Some goats 
with low cholinesterase values showed no 
hyperglycemia and survived (table 1, 21, 
28, 16). Goat 6 (table 1) that died showed 
hyperglycemia but relatively moderate de- 
pression of erythrocyte cholinesterase. Un- 
fortunately, several other goats that died 
after moderate depression of cholinester- 
ase were not tested for blood glucose. 

Red Cell Cholinesterase —The present 
work indicates that depression of red cell 
cholinesterase activity is not always paral- 
leled by toxic symptoms in goats treated 
with parathion. A maximum depression 
can be obtained with no concurrent or sue- 
ceeding signs of poisoning (table 1, 28, 21, 
16). These results are in accord with those 
of previous workers who concluded from 
experiments on small mammals that, ‘‘ cho- 


linesterase measurements appear to be of 
value in confirming such an exposure (to 
anticholinesterase compounds), but they 
offer little help in evaluating the degree of 
exposure and severity of symptoms. This 
is evidenced by the fact that essentially 
the same depression of plasma and eryth- 
rocyte cholinesterase activity is observed 
following single doses ranging from 
asymptomatic to lethal.’’ * 

Of interest to the Chemical Corps is the 
clear evidence that parathion, or some kind 
of anticholinesterase material, appears in 
the milk of lactating goats poisoned with 
the drug. Such milk, if fed to kids, 
depresses their red cell cholinesterase ac- 
tivity. Milk is one secretion in which 
parathion appears either unchanged or 
converted to another anticholinesterase 
material. In cattle, no parathion, free p- 
nitrophenol or p-aminophenol, were ever 
found in milk, urine, or blood.’ For eattle 
it has been concluded that ‘‘ parathion 
must be hydrolyzed in vivo to p-nitrophe- 
nol, reduced to p-aminophenol, conjugated 
with glucuronic acid to an appreciable ex- 
tent and then excreted in the urine as p- 
aminophenylglucuronide.’’ No informa- 
tion is available concerning the fate of the 
thiophosphorie acid portion of the para- 
thion molecule. In goats, the stages in the 
intermediary metabolism of parathion are 
unknown. 

It is not known how long the anticho- 
linesterase activity of milk from poisoned 
goats persists. In the present work, the 
kids were fed the milk as soon as it was 
obtained from the lactating female. It 
might be that pasteurization or storage re- 
sults in a disappearance of the anticho- 
linesterase property. There is no informa- 
tion about this at the present time. 

Finally, the depression of cholinesterase 
activity in fetuses carried by parathion 
poisoned goats indicates that either the 
eompound itself can cross the placental 
barrier and inhibit fetal cholinesterase or 
some anticholinesterase material results 
from the metabolism of parathion and this 
material penetrates the placenta. No in- 
formation is available in support of either 
alternative over the other. 


SUMMARY 


1) In parathion poisoning, an anticho- 
linesterase substance crosses the placenta- 
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blood barrier and exerts its effect on the 
fetus. 

2) Parathion, or a like material, ap- 
pears in the milk of poisoned goats and de- 
presses the erythrocyte cholinesterase ac- 
tivity of kids fed with that milk. 

3) Severe hyperglycemia obtains in the 
terminal stages of chronic parathion 
poisoning. 
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LITERATURE CITED 


Early work to determine the histoplasmin sensi- 
tivity rates among animals indicated that some 
chickens reacted to it.* One reactor was found 
among 98 chickens tested in Boone County, Mo. 
Later Zeidberg et al.* found 2 reactors among 89 
chickens tested in Williamson County, Tenn., and 
Menges et al.® found 2 reactors during the study 
of an epidemic of histoplasmosis which occurred 
near Atchison, Kan. Upon necropsy Histoplasma 
capsulatum could not be cultured from any of 
these chickens. Interest in the susceptibility of 
chickens to H. capsulatum infection has been 
stimulated because of the occurrence of H. cap- 
sulatum in soil inside chicken houses.* ° 

The purpose of this paper is to present the re- 
sults of three experiments in which 23 chickens 
were inoculated with the mycelial phase and 1 
with the yeast phase of H. capsulatum. Spores 
were inoculated intranasally into 8 chickens, 
packed yeast cells were inoculated into the heart 
of 1 chicken, and spores of the strain isolated 
from the chicken in the second experiment were 
inoculated intraperitoneally into 15 chickens. 


MATERIALS AND METHODS 


The chickens used in the experiments were ob- 
tained from two farms in eastern Kansas. In the 
first experiment, 8 New Hampshire Red pullets 
and hens were used. In the second experiment, 
the single chicken was a 9-month-old White Plym- 
outh Rock pullet. In the third experiment, the 15 
chickens used were 3-month-old White Leghorn 
pullets. Leg bands or wing bands were used for 
identification. All of the chickens were weighed 
and had two negative histoplasmin skin tests be- 
fore being inoculated. 

Each chicken was skin-tested with various lots 
of histoplasmin using a technique which has been 
described.2 Also, blood was obtained from each 
chicken at varying periods during the experiments 
and the serums were tested for histoplasmosis 
using three tests:* (a) direct complement fixa- 
tion,”* using histoplasmin lot H(KC) 4, diluted 
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1:8, and lot H( KC) 7 diluted 1:8 and yeast phase 
antigen; (b) precipitin® using histoplasmin; and 
(c) an indirect complement fixation® using a pool 
of four strains of histoplasmin as antigen. Pre- 
inoculation blood specimens obtained from chick- 
ens in the first two experiments were negative. 
Blood specimens were obtained from chickens in 
the third experiment only when they were slaugh- 
tered for necropsy. 

At necropsy a search was made for gross le- 
sions, and portions of tissues were saved in 10 per 
eent formalin for histopathological studies. 


EXPERIMENTAL DATA 


Experiment 1.—The 8 chickens used in the first 
experiment were skin-tested with histoplasmin as 
follows: H(HC) 3 and 4 undiluted (strain 626, 
human eases); H(KC)-D2770, undiluted (Crag- 
head dog strain, canine case); and H(KC) 7, un- 
diluted, 1:10 and 1:100 (Ellis strain, human 
ease). In addition te two preinoculation skin 
tests, these chickens were again skin-tested on the 
seventh day after inoculation, 7 on the fourteenth 
and twenty-first days, 6 on the twenty-eighth, 
forty-third, fiftieth, and seventy-sixth days, and 4 
the eighty-third, eighty-fifth, and ninety-first days. 
Each of the 8 birds received 1 ml. of a spore and 
mycelial suspension of H. capsulatum as an intra- 
nasal spray (1% ml. into each nostril) employing 
a tuberculin syringe with a %-in., 25-gauge, in- 
tradermal needle. 

The inoculum consisted of 105 day-old Sabo- 
raud’s glucose agar cultures of H. capsulatum 
(Ellis strain, from a human case) ineubated at 
25C. Myeelial growth was removed from tube 
cultures, ground in a sterile glass mortar, and 
suspended in sterile 0.85 per cent NaCl solution. 
Spore counts of the suspension, made using a 
blood-eounting chamber, indicated that there were 
approximately 2,587,500 spores per milliliter. 

Viability of the inoculum was determined by 
inoculating 1.0-ml. portions on ten Sabouraud’s 
glucose agar plates. The plates were held at 25C. 
and the colonies counted on the twenty-first day. 
Based on the spore count only, the viability was 
estimated as 7 per cent or 181,125 viable spores 
per milliliter. They were observed daily and 
morning rectal temperatures were taken for fif- 
teen days prior to inoculation and for forty-nine 
days after inoculation. 

These chickens four- 


were destroyed on the 
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Experiment 2.—The pullet in the second ex- 
periment weighed 57 ounces and had a preinocu- 
lation temperature of 106.6 F. She was negative 
to two skin tests with histoplasmin lot H(KC) 
3 and 4 undiluted. She was the only bird inocu- 
lated with packed yeast cells. The inoculum, 0.5 
ml. of H. capsulatum (Cretor strain 2768, from a 
human ease) cultured for five days on blood eys- 
tine agar at 37C., was injected directly into the 
heart, using a 20-gauge needle. The growth was 
removed from the tube cultures and suspended in 
sterile 0.85 per cent NaCl solution. The suspen- 
sion was centrifuged and yielded 0.5 ml. of packed 
yeast cells which were resuspended in 1 ml. of 
saline solution and used as inoculum. 

This chicken died and at necropsy, twenty-four 
hours after inoculation, portions of the lung, liver, 
spleen, adrenal gland, ovary, oviduct, heart, heart 
blood clot, gizzard, proventriculus, kidney, brain, 
bone marrow of the femur, and blood from the 
wing vein were cultured. 

Portions of the small intestine, cecum, feces 
from the eecum, and one preinoculation fecal 
specimen were ground and each specimen was in- 
oenlated intraperitoneally into 6 mice. The feeal 
specimens were treated with penicillin and strep- 
tomycin prior to inoculation, averaging 8,000 units 
of each per mouse. The mice were destroyed one 
month later, and portions of liver, spleen, and 
adrenal gland were ground together and the mix- 
ture cultured. 

Experiment 3.—In the third experiment, the 15 
chickens were inoculated intraperitoneally, each 
with 1 ml. of a spore and mycelial suspension of 
H. capsulatum, using a 20-gauge needle. The in- 
oculum for this experiment was prepared by cul- 
turing H. capsulatum on Sabouraud’s glucose 
agar for four months at 25C. The strain used 
was isolated from the heart blood of the chicken 
in the second experiment. This inoculum was pre- 
pared in the same manner as in the first experi- 
ment, with approximately 2,000,000 spores per 
milliliter. 

Viability of the inoculum was determined by 
introducing 1.0-ml. and 0.5-ml. portions on 20 
Sabouraud’s glucose agar plates. The plates were 
held at 25C., and the colonies counted on the 
thirty-sixth day. Based on the spore count, the 
viability was estimated as 5 per cent, 92,000 viable 
spores per milliliter. These chickens were skin- 
tested four days prior to inoculation, and 10 of 
the 15 were retested on the twelfth day after inoe- 
ulation, 4 on the thirty-sixth and forty-fifth days, 
and 2 on the fifty-second day. Histoplasmin lot H 
(KC) 7, undiluted and diluted 1:10, was used as 
the antigen. These chickens were observed daily 
but no rectal temperatures were taken or reweigh- 
ing done until the day they were slaughtered. 

Upon necropsy of the 15 chickens, portions of 
the lung, liver, spleen, kidney, and small intestine 
from each were ground and cultured. All of the 
tissues were cultured on brain-heart infusion agar, 
with 10 per cent blood, and on Sabouraud’s glu- 


eose agar plates; both types of mediums con- 
tained 40 units of streptomycin and 20 units of 
penicillin. The culture plates were incubated at 
25 C. Clots of blood obtained from these chickens 
were each cultured on one Sabouraud’s glucose 
agar plate. 

Fecal specimens were collected in sterile test 
tubes from 5 of the 15 chickens two days prior to 
their inoculation and twelve days after inocula- 
tion but from only 4 chickens on the nineteenth 
and fortieth days as 1 had died. The fecal speci- 
mens were suspended in 8 ml. of sterile 0.85 per 
cent NaCl solution, with 100,000 units each of 
penicillin and streptomycin added. After the sus- 
pension was allowed to stand for about one hour, 
l-ml. portions were inoculated intraperitoneally 
into 5 to 7 mice. For two days following inoeula- 
tion, each mouse was given 10,000 units of peni- 
cillin subeutaneously per day. Eleven mice expired 
during the first two days, and the remaining mice 
were destroyed on the twenty-third day. Portions 
of liver, spleen, and adrenal gland of the mice 
were ground together and the mixture cultured. 


RESULTS 


Signs.—The chickens in the first experi- 
ment were examined daily during a 99-day 
period and no definite signs of infection 
were observed. One chicken had blood in 
the feces the sixteenth day after inocula- 
tion. The temperatures fluctuated but did 
not exceed the normal range of 105 F. to 
109.5 F. 

Following intracardial inoculation with 
yeast cells, the chicken in the seeond exper- 
iment became very weak and in a few 
hours was unable to stand. A blood sample 
obtained three hours and forty-five min- 
utes after inoculation, when the tempera- 
ture was 103.9 F., yielded a culture of H. 
capsulatum. The chicken died between 
thirteen and twenty-one hours after in- 
oculation. 

One chicken in the third experiment 
died on the seventeenth day and 2 showed 
evidence of illness, 1 on the thirty-sixth 
day, another on the forty-seventh day. The 
latter had a rectal temperature of 108.6 
F.; the others, on the day of necropsy, 
ranged from 106.8 F. to 107.8 F. 

When the chickens in the third experi- 
ment were weighed four days prior to inoc- 
ulation, they ranged from 16 to 22 ounces. 
When reweighed on the seventh day, the 5 
chickens destroyed at that time ranged 
from 27 to 31 ounces, and the 5 destroyed 
on the fourteenth day ranged from 30 to 
34 ounces. The 1 chicken which expired 
on the seventeenth day had doubled its 


316 


weight from 17 to 34 ounces, while 3 others 
had doubled their weights by the forty- 
seventh to fifty-fourth days, and 1 almost 
tripled its weight by the fifty-fourth day. 


Fig. 1— Necrosis liver in a 


inoculation 


(arrow) of the 
chicken eighty-three days after 
with Histoplasma capsulatum. Trichrome stain. 
x 87. 


Histoplasmin Skin Test—Two of the 8 
chickens in the first experiment had posi- 
tive histoplasmin skin tests on the twenty- 
eighth, forty-third, fiftieth, and sixty- 
fourth days after inoculation but had neg- 
ative skin tests on the seventy-sixth, 
eighty-third, eighty-fifth, and ninety-first 
days. None of the 15 chickens in the third 
experiment developed a positive histoplas- 
min skin test. 

Blood Serum Tests.—In the first experi- 
ment, the precipitin tests and the direct 
complement-fixation tests remained nega- 
tive ninety-nine days after inoculation. A 
total of 31 serums were examined by the 
precipitin test, 34 by the direct comple- 
ment-fixation test with yeast-phase anti- 
gen, and 14 by the direct complement-fixa- 
tion test with histoplasmin. Eight serums 
were examined by the indirect comple- 
ment-fixation test with histoplasmin. Four 
of the chickens had positive titers of 1:16, 
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1:32, 1:64, and 1:128, respectively, and 1 
of them showed a rise in titer from nega- 
tive to positive at 1:32. These results em- 
phasize the findings of Gentry,’® that di- 
rect complement-fixation tests are of no 
value for testing chicken serums. 

Serums from chickens in the third ex- 
periment were tested by the indirect com- 
plement-fixation test with histoplasmin. Of 
these serums, five obtained on the seventh 
day and five obtained on the fourteenth 
day were negative but of the four collected 
on the forty-seventh and fifty-fourth days, 
two were positive (1:16 and 1:8). 

Culture. —Histoplasma capsulatum was 
isolated from the liver, spleen, adrenal, 
ovary, oviduct, heart, heart blood clot, giz- 
zard, brain, bone marrow of the femur, 
small intestine, cecum, and blood from the 
wing vein of the lone chicken in the second 
experiment. The fungus was not isolated 
from the 19 eggs, 14 blood clots, 20 fecal 
specimens, and tissues of the other chick- 
ens cultured. 

Pathological Changes——Experiment 1.— 
Three of the 8 chickens in the first experi- 
ment had gross lesions. Of the 2, 7-month- 
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Fig. 2—Lymphocytic nodule (arrow) in the 
lung of a chicken fourteen days after inocula- 
tion with Histoplasma capsulatum. Azure-eosin 


stain. x 87. 
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old pullets destroyed eighty-three days 
after inoculation, 1 had an enlarged thy- 
mus, the other had multiple pin-point, 
white lesions in the liver. The third, a 16- 
month-old hen, destroyed ninety-three days 
after inoculation, had a few pin-point 
white lesions in the liver and a large area 
of adhesion of the costal surface of the 
right lung with the wall of the thoracic 
cavity between the third and fourth ribs. 

Six of the 8 chickens had significant 
microscopic lesions. One had several scat- 
tered lymphocytic nodules, about 100 » in 
diameter, in the liver, periportal infiltra- 
tion of lymphocytes, proliferation of bile 
ducts, and fibroblasts around the bile 
ducts. There were several lymphocytic 
nodules about 100 to 150 » in diameter in 
the heart. In one area, there were irregu- 
lar streaks of lymphocytes between the 
muscle bundles of the myocardium. Scat- 
tered throughout the thymus were small, 
Bauer-positive bodies, 2 to 4 » in diameter ; 
some had a faintly staining cell wall, oth- 
ers were evenly stained and did not show 
the cell wall. The cells were seen singly, in 
clumps, and lying free between strands of 


Fig. 3—Fibrous pneumonia with pleurisy in a 
chicken ninety-three days after inoculation 
with Histoplasma capsulatum. Trichrome 
stain. x 87. 


fibrous connective tissue. There was no 


cellular reaction to these bodies and they 
were not believed to be H. capsulatum. 
Another chicken showed scattered irreg- 


Fig. 4—Histoplasma capsulatum (arrow) in the 
liver of a chicken inoculated with packed yeast 


cells. Bauer stain. x 2400. 
ular areas of focal necrosis in the liver 
(fig. 1), some of which were infiltrated 


with eosinophilic-like cells. There was also 
fibrous thickening of the attachments of 
the liver, fibrosis and infiltration of lym- 
phoeytes in the pericardium, and some 
fibrosis of the submucosa and infiltration 
of eosinophilic-like cells in the nasal mu- 
cous membrane. 

A third, destroyed on the fourteenth 
day, showed hyperemia of the lung and 
lymphocytic nodules (fig. 2) around the 
air saes and bronchi. In some of the areas, 
the air sacs were distended ; in others, they 
were partially closed. In one area, the 
pleura showed thickening and was covered 
with a fibrinous exudate. In the liver, 
there was one lymphocytic nodule about 
100 » in diameter. In the nasal mucous 
membrane, there was fibrosis of the sub- 
mucosa and infiltration of lymphocytes 
and eosinophilic-like cells. A fourth 
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chicken, destroyed on the ninety-third day, 
also had lymphocytic nodules in the liver. 

The fifth, the 16-month-old hen, had 
gross lesions in the liver and lung. Lym- 
phocytie nodules were scattered through- 
out the liver, varying in diameter from 50 
to 100 ». The lungs were hyperemic and 
some of the air saes showed fibrosis with 
considerable infiltratien of lymphocytes 
and monocytes; the lumens often con- 
tained seromucoid exudate. The pleura 
showed fibrosis and infiltration with lym- 
phoeytes (fig. 3). 

The sixth, examined on the ninety-ninth 
day, showed some thickening on the serosal 
attachments of the small intestine and in- 
filtration of lymphocytes and macrophages 
containing yellowish brown pigment and 
mucoid-like droplets. Around the pan- 
creas, there was fibrosis and lymphocytic 
infiltration of the fascial attachments. His- 
toplasma capsulatum was not seen in any 
of the tissues of birds of the first experi- 
ment. 

Experiment 2.—The microscopic find- 
ings in this pullet were quite interesting. 
The skin of the wattle showed in the der- 
mis a nest of eight to ten Bauer-positive 
bodies. These Bauer-positive bodies were 
swollen and some had thin walls. On the 
epicardium, there was a fibrinous exudate 
with some infiltration of lymphocytes and 
some fibrosis. Scattered throughout the 
myocardium, in capillaries, were groups of 
three to ten Bauer-positive bodies. These 
cells seemed to be packed in the capillaries. 
The lung showed hyperemia, perivascular 
infiltration of lymphocytes and, in some 
areas, the bronchi and alveoli contained a 
serous material. Scattered throughout the 
lung in the small capillaries around the 
alveoli, were single, Bauer-positive bodies 
or groups of three, and sometimes nests of 
ten or more. A pin-point, white lesion was 
observed in the spleen. The liver showed 
a periportal infiltration of lymphocytes 
and scattered throughout the liver in the 
Kupffer cells, in groups of one to five or 
more, were Bauer-positive bodies (fig. 4). 
Many of the cells appeared large and swol- 
len, but they were characteristic of H. cap- 
sulatum. The spleen showed follicle for- 
mation, densely stained basophilic cells in 
large numbers, and scattered throughout 
the spleen, and in the smaller vessels, there 
were Bauer-positive bodies that appeared 


to be swollen and had thin walls. They 
were in groups of one to 50 or more. In 
the submucosa of the proventriculus, there 
were several small nests of Bauer-positive 
bodies, many of which were swollen and 
had thin walls. In one area of the small 
intestine, at the junction of the submucosa 
and muscularis, there was a nest of 25 or 
more various-sized, Bauer-positive bodies. 
In several areas of the brain, there were 
nests of Bauer-positive bodies numbering 
15 or more. Many of the cells were large, 
swollen, and had thin walls. 

The diagnosis was histoplasmosis involv- 
ing the brain, small intestine, lung, liver, 
spleen, heart, proventriculus, and wattle. 

Experiment 3.—Of the 15 chickens in 
the third experiment, 14 were destroyed on 
the seventh, fourteenth, forty-seventh, and 
fifty-fourth days after inoculation; none 
of these showed gross lesions. At necropsy, 
the liver and spleen of the 1 which died on 
the seventeenth day appeared enlarged, the 
lungs were edematou, and hemorrhagic, 
the mucosa of the intestine was congested, 
the kidneys appeared edematous, and there 
was a blood clot in the abdominal eavity. 

The microscopic findings in the 5 chick- 
ens necropsied on the seventh day after 
inoculation were as follows: The liver of 4 
chickens showed scattered small focal col- 
lections of lymphocytes and 2 chickens 
showed small granulomatous lesions. The 
gall bladder of 1 chicken showed prolifera- 
tion of the mucosal epithelium, formation 
of pseudoglands, and some fibrosis of the 
muscular bundles. The spleen of 1 chicken 
showed a serous exudate on the capsular 
surface and infiltration of lymphocytes, 
monocytes, and an occasional macrophage. 
The adrenal gland showed a small lympho- 
eytic nodule in the medulla. On the serosal 
surface of the small intestines of 1 chicken, 
there was a fibrosis with infiltration of 
lymphoeytes and macrophages containing 
yellowish brown pigment. The 5 chickens 
destroyed on the fourteenth day after in- 
oculation did not show significant micro- 
scopic lesions. 

The chicken that expired on the seven- 
teenth day showed hyperemia in the lungs, 
many air sacs were filled with serous fluid, 
and there was a fibrinous lymphocytic exu- 
date on the pleura. One kidney had a 
small area in the cortex which showed an 
interstitial infiltration of lymphocytes. The 
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glomeruli showed some alteration in size 
and some attachments to the capsule. The 
ovary showed hyperemia and considerable 
infiltration of eosinophilic-like cells. 

The 4 chickens necropsied on the forty- 
seventh and fifty-fourth days after inocu- 
lation showed perivascular lymphocytic in- 
filtration of the livers with small seattered 
lymphocytic nodules in the parenchyma 
and some proliferation of bile ducts. The 
kidneys of 2 had small scattered lympho- 
eytic nodules. The thymus of 1 showed 
hyperemia and follicle formation but 
densely stained basophilic cells were not 
numerous in the medullary portion. The 
Hassall’s corpuscles were enlarged and 
there was some fibrosis of the trabeculae. 
Histoplasma capsulatum was not demon- 
strated in the tissues of any of the chick- 
ens in the third experiment. 


DISCUSSION 


The experiments described were con- 
ducted to determine whether chickens were 
susceptible to H. capsulatum, and whether 
the fungus could be disseminated by the 
feces of the chickens. The results indicated 
that chickens were resistant to infection 
with the mycelial phase of H. capsulatum 
and that the fungus was rapidly destroyed 
in their tissues. The fungus was isolated 
from the 1 chicken inoculated with the 
yeast phase, which was necropsied less 
than twenty-four hours after it was inocu- 
lated, but not from any of the 23 chickens 
inoculated with the spores of the fungus, 
even though some of them were necropsied 
seven days after inoculation. In the for- 
mer chicken, the organisms in the tissues 
appeared swollen and had thin walls. Pos- 
sibly the organisms undergo cloudy swell- 
ing in chicken tissues and are rapidly 
destroyed. 

One might suspect that the high body 
temperature of chickens might be the di- 
rect cause of the rapid destruction of the 
fungus. However, the preinoculation tem- 
perature of 106.6 F. was not lethal to the 
yeast phase of H. capsulatum. Experi- 
mentally, the mycelial phase of H. capsula- 
tum has been shown to remain viable at 
104 F. after growth for six to eight weeks 
on soil at 100 per cent relative humidity.“ 
Possibly, the mycelial phase could with- 
stand higher temperatures in a more suit- 
able medium. 


Although the fungus was not isolated 
from any of the chickens inoculated with 
the mycelial phase, the skin and serological 
tests gave some evidence that the chickens 
had actually been infected. 

The inoculums for the three experiments 
were two human strains of H. capsulatum, 
and one first passage chicken strain origi- 
nating from one of the two human strains. 
The chickens were resistant to infection 
with these strains, but strains may be iso- 
lated or developee that would be patho- 
genie for chickens. 

Thus far, H. capsulatum has not been 
isolated from chicken feces. The fungus 
was neither recovered from feces of the 
inoculated chickens nor has it been isolated 
from fecal specimens obtained from a few 
of the histoplasmin reactors. The limited 
evidence available does not indicate that 
chickens are responsible for contaminating 
the chicken house. The possibility of chick- 
ens being active carriers of the disease ap- 
pears unlikely. 

Possibly the chicken house most danger- 
ous, as far as human infection is con- 
cerned, is the type that has a soil floor. 
While chickens are in the house, the soil is 
somewhat damp and may be ideal for the 
growth of the fungus. The chicken house 
appears to become a real hazard when it is 
left abandoned for a few years, allowing 
an accumulation of dust which, in endemic 
areas, usually contains spores of H. capsu- 
latum. Persons entering the chicken house 
may inhale the powdery dust containing 
the spores and thus develop histoplasmosis. 


SuMMARY 


The experimental inoculation of 24 
chickens with the mycelial phase and the 
yeast phase of Histoplasma capsulatum is 
reported. Eight were inoculated intrana- 
sally and 15 intraperitoneally with spores 
of H. capsulatum. Packed yeast cells of H. 
capsulatum were inoculated into the heart 
of 1 chicken. The signs, histoplasmin skin 
test results, serological results, culture re- 
sults, and pathological findings are re- 
corded. Histoplasma capsulatum was iso- 
lated only from the chicken inoculated in- 
tracardially with the yeast phase. It died 
less than 21 hours after it was inoculated. 
Although the fungus was not isolated from 
any of the other chickens, the skin and 
serological tests gave seme evidence that 
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the chickens had actually been infected. 
Since massive doses of spores were given to 
23 chickens and none showed active histo- 
plasmosis, and since the fungus was not 
isolated from their organs or feces, the 
possibility of chickens being active carriers 
of the disease appears unlikely. The chick- 
ens in these experiments were resistant to 
infection with two human strains and one 
first passage chicken strain. Strains may 
be isolated or developed in the future that 
may be pathogenic for chickens. 
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The Therapeutic Effect of Streptomycin on Infectious 
Coryza of Chickens Caused by Hemophilus Gallinarum 
III. In Vitro and in Vivo Sensitivity of Hemophilus 
Gallinarum to Streptomycin 


S. BORNSTEIN, D.V.M., and Y. SAMBERG, Dr. Vet. Med. 
Tel Aviv, Israel 


THE BLOOD concentrations of streptomycin 
in chickens have been established in a pre- 
vious study,’ and the purpose of this in- 
vestigation was to test the sensitivity of 
Hemophilus gallinarum to this antibiotic. 
It was hoped that these two types of data 
would yield an indication about the dosage 
of streptomycin required for a therapeutic 
effect against infectious coryza. 


MATERIALS AND METHODS 


Mediums for Culturing the Organism.—The me- 
diums used have been described in the previous 
report of this series.‘ Accordingly, any mention 
of broth will automatically refer to 10 per cent 
chicken-serum broth. 

Determination of the Bacteriostatic Titer—The 
purpose of this test was to determine the highest 
dilution of streptomycin which prevented the 
growth of H. gallinarum in vitro. Each test con- 
sisted of a series of tubes containing 0.5 ec. each 
of sterile broth, into the first of which was placed 
0.5 ec. of a solution containing 20 units (ug.) of 
streptomycin per cubie centimeter of sterile dis- 
tilled water. Serial twofold dilutions were made 
through the tubes in the series, and to each was 
added 0.5 ec. of a 1:20 dilution in broth of a 48- 
hour broth culture of a certain strain of H. gal- 
This inoculum represented a high con- 
centration of bacteria (approximately 100 milliou 
cells per ec.) which, however, did not cloud the un- 
ineubated tubes. To each series was added a posi- 
tive growth control, consisting of a tube contain- 
ing 0.5 ec. of broth plus 0.5 ec. of inoculum, in 
the absence of streptomycin. The tests were read 
after twenty-one and forty-five hours of ineuba- 
tion at 36 to 37 C. in a partial atmosphere of CO:, 
and the last tube in which no bacterial growth 
was discernible was considered as end point or 
bacteriostatic titer. 

Determination of the Bactericidal Titer—The 
purpose of this test was to determine the lowest 
concentration of streptomycin which would de- 
stroy all H. gallinarum organisms within a defi- 
nite period in vitro. As in the previous test, a 
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series of twofold dilutions of the drug in 0.5 ce. 
of broth was prepared, and to each tube was 
added 0.5 ee. of the inoculum. However, this time 
the latter consisted of an undiluted 48-hour broth 
culture of a certain strain of H. gallinarum. This 
series of cloudy drug-and-culture mixtures of high 
bacterial content was held at incubator tempera 
ture and, at stated intervals, subcultures were 
made from each tube into broth medium (0.05 ee. 
of this mixture into tubes containing 2 ec. of 
broth). These subeultures were incubated in a 
partial CO, atmosphere for forty-two to forty- 
eight hours, and the last tube in which no bacte 
rial growth appeared was considered as bacteri 
cidal titer. 


RESULTS AND Discussion 


The Effect of Streptomycin on Hemo- 
philus Gallinarium in Vitro.—Table 1 pre- 
sents the bacteriostatic and bactericidal ti- 
ters obtained as the results of titrating 24 
and 19 strains, respectively, against this 
antibiotic. In the former case, a high de- 
gree of uniformity is apparent, and all re- 
sults range within four twofold dilutions 
(0.62-5.0 u./ee.). The minimal effective 
bactericidal concentrations are also rather 
uniform, but this is not as apparent on 
first glance, because the dilutions used be- 
long to three different series (starting with 
the figures 200, 160, and 64). The bacteri- 
cidal titers after one hour of action by the 
antibiotic are 3 to 32 times higher than the 
bacteriostatic ones (five- to sixteenfold for 
15 strains out of 19 possible comparisons). 

The first question which arises is 
whether the results presented in table 1 
are reliable, and whether they can be con- 
firmed by similar values obtained by other 
investigators. Unfortunately, according to 
the literature at our disposal, no parallel 
figures seem to exist for H. gallinarum. 
With regard to Hemophilus influenzae, 
Alexander and Leidy* reported that the 
minimal effective concentration (bacterio- 
static titer) of streptomycin ranges from 
3 to 10 units per cubic centimeter, depend- 
ing on the length of previous growth of the 
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inoculum in Levinthal broth. Smith and 
Martin ® mentioned in their textbook that 
streptomycin inhibits growth of H. influ- 
enzae in 1.56 to 5.0 units per cubic centi- 
meter of culture fluid. Our results thus 
appear to be in full accord with those 
given for H. influenzae. 

The next step must be to compare the 
data in table 1 with the data in table 1 of 
the first paper of this series* in order to 
ascertain whether the injection of strepto- 
mycin into chickens yields blood levels of 
adequate concentrations for antibacterial 
action. Any parenteral treatment of poul- 
try can have practical value only if one in- 
jection will destroy the pathogen under 
consideration. Consequently, only the bae- 
tericidal titers of table 1 are of potential 
interest for the treatment against infec- 
tious coryza. A comparison of these tables 
demonstrates conclusively that doses of 
100,000 and 200,000 units (0.1 and 0.2 
Gm.) of streptomycin per chicken result in 
blood concentrations of adequate height 
and duration for bactericidal action. 

In connection with the comparison be- 
tween blood levels of streptomycin and in 
vitro sensitivity tests to this antibiotic, it 


TABLE 1—Bacteriostatic and Bactericidal Ti- 
ters of Streptomycin against Strains of He- 
mophilus Gallinarum 


Bacteriostatic Bactericidal titers 


titers after hours 
(u./ce. 

Strains serum broth ) 1 3 6 
II 1.25 8 4 4 
II! 1.25 x 
37 0.62 20 10 5 
Cc 0.62 20 10 5 
4 1.25 10 5 5 
46 5.00 40 20 20 
50 2.50 
79 5.00 25 25 25 
101 5.00 40 20 20 
102 2.50 20 20 10 
123 2.50 40 20 20 
528 5.00 80 40 40 
793 5.00 gO 40 40 
917 1.25 
1111 2.00 10 5 
1124 2.00 10 10 ~ 
1249 2.50 40 40 20 
1375 5.00 50 50 25 
1446 2.50 6.25 6.25 3.12 
1473 2.50 25 12.5 
1474 1.25 
1487 5.00 
GI 2.50 80 40 20 

Staphylococcus 

aureus* 1.25 0.62 


0.062 

* For this organism the inoculum consisted of a 1:100 
dilution for the bacteriostatic titration and of an undi- 
luted 24-hour broth culture for the bactericidal titration 


should be remembered that a blood concen- 
tration of 32 units per cubic centimeter 
actually means a minimum of 32 units and 
a maximum of less than 64 units per cubic 
centimeter. Conversely, a bactericidal titer 
of 80 units of streptomycin per cubic cen- 
timeter of medium actually means ‘‘no 
complete sterilization at 40 units per cubie 
centimeter.’’ In other words, blood levels 
of 32 units per cubie centimeter may be 
adequate to sterilize strains having a bac- 
tericidal titer of 80 units per cubic centi- 
meter; however, blood levels of 16 units 
per cubic centimeter (the average value 
obtained after an injection of 100,000 
units of streptomycin per bird) certainly 
will be inadequate against resistant strains. 
The recommended dosage of streptomycin 
against infectious coryza, therefore, must 
be 200,000 units (0.2 Gm.) per chicken. 

These strains of H. gallinarum were also 
tested as to their in vitro sensitivity to so- 
dium sulfathiazole, sodium sulphameza- 
thine (British product), and _ penicillin. 
The bacteriostatic titers of sodium sulfa- 
thiazole were relatively uniform and 
ranged from 6.25 to 50 mg. per 100 ce. 
Since a titer of 12.5 mg./100 ce. actually 
means ‘‘no inhibition at 6.25 mg.’’ (but 
does not exclude inhibitions at 6.3 to 12.5), 
most of these strains would be partially or 
completely inhibited by practical oral 
doses of this drug. Such inhibition must 
then be maintained for a sufficiently long 
period in order to permit the body to rally 
its defenses. The bacteriostatic titers of 
sodium sulphamezathine were extremely 
variable and much higher (two and one 
half- to fortyfold) than for the former 
drug, while usually its blood coneentra- 
tions following practical doses are only 
twice as high. Only three to five of the 11 
strains tested might be affected under 
these conditions. 

The bacteriostatic titers of penicillin 
ranged from 0.31 to 6.25 units per cubic 
centimeter, and its bactericidal titers (with 
3 exceptions) from 6.25 to 25.0 units per 
eubie centimeter after one hour of anti- 
biotic action. According to a _ previous 
study conducted in this laboratory,’ prac- 
ticable doses of penicillin do not produce 
blood levels of such concentrations and for 
such a duration as are required for bae- 
tericidal effects on H. gallinarum. 

The Danger of the Development of 
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Streptomycin-Resistant Strains.—By sub- 
jecting susceptible organisms to inade- 
quate doses of a drug, it is possible to 
render them ‘‘drug fast,’’ that is, resistant 
to the drug even when used in what would 
originally have been an adequate dosage. 
A striking example of how H. influenzae 
ean acquire this form of tolerance to strep- 
tomycin by cultivation in vitro has been 
reported by Alexander and Leidy.* 

Since the dosage of streptomycin, as sug- 
gested by these tests and as established by 
empirical trials in the field, is expensive, 
many poultrymen may be tempted to try 
a more ‘‘economical’’ dose. Since it was 
essential to find out whether a lower dosage 
would bring only disappointing results or 
whether it might also give rise to strepto- 
mycin-resistant strains, the following ex- 
periments were performed: 

Pullet 528, weighing 600 Gm. and suffer- 
ing from a typical case of infectious co- 
ryza, was treated with one injection of 
100,000 units of streptomycin. Immedi- 
ately prior to this treatment, a quantity of 
exudate was withdrawn from her facial 
swelling, as described previously ;* part of 
this exudate was cultured and the result- 
ing pure culture was used to perform the 
tests described in this paper, while the re- 
maining exudate was used to infect an- 
other pullet by the intranasal and intra- 
sinal route. The latter developed a nasal 
discharge, without facial swelling, on the 
fourth day. One hour after the strepto- 
mycin injection of pullet 528 more exudate 
was collected as well as some blood for the 


TABLE 2—Experiments on the Efficiency 


determination of its streptomycin concen- 
tration. Twenty-four hours after the in- 
jection, another sample of exudate was 
withdrawn. All three samples of exudate 
yielded pure cultures of H. gallinarum, 
and the pullet did not make the usual re- 
covery. The determination of the strepto- 
mycin concentration in the blood serum 
one hour after the injection was not com- 
pletely satisfactory, and it can be stated 
only that the blood level seemed to be 16 
units per cubic centimeter. Titrations of 
the three cultures gave the following re- 
sults: (a) The bacteriostatic titers were 5.0 
units of streptomycin per cubic centimeter 
of medium for both 528 (original) and 528 
(1-hour), but for 528 (24-hours) it was 20 
units per cubie centimeter; (b) the bac- 
tericidal titers for 528 (original) were 80, 
40, and 40 units per cubic centimeter after 
1, 3, and 6 hours of antibiotic action, re- 
spectively, but for 528 (24-hours) they 
were 400, 400, and 400 units per cubic 
centimeter, respectively. In other words, 
this strain of H. gallinarum had become 
‘*streptomycin-fast’’ within twenty-four 
hours after only one inadequate dose of 
this antibiotic. 

This experiment was repeated with pul- 
let 793 (weighing about 750 Gm.) and hen 
GI (weighing about 2 kg.), each of which 
received one injection of 50,000 units of 
streptomycin. Both of them failed to re- 
cover from the infection, but the strains 
isolated twenty-four hours after the inade- 
quate treatment did not show an increased 
resistance to the antibiotic. 


of Streptomycin in Sterilizing Hemophilus 


Gallinarum in Vivo 


Blood levels Second isolation 


Average Isolation 
Bird weight before Treatment hr. after hr. after 
(No.) (kg.) treatment (u./bird) treatment u./ee. treatment resultst 
936 1.250 pos. 200,000 3 8 3 neg 
37) pos. 100,000 2 16 2 neg. 
Y pos. 100,000 2 64 2 neg. 
35 0.750 pos 200,000 2 32 2 neg. 
470 { pos. 200,000 2 64 2 neg 
ihe pos. 200,000 2 128 2 neg. 
315) neg. 200,000 2 64 2 neg 
123 0.550 pos. 200,000 1 160 1 neg 
224 pos. 200,000 2 64 2 neg. 
234 pos. 200,000 2 64 2 neg 
449 | 1.000 pos. 200,000 2 64 2 neg. 
201** pos 200,009 2 256 2 neg. 
381** pos. 200,000 2 256 2 neg. 
210 neg. 200,000 2 256 2 neg. 


* First passage in chickens of original strain III; ** the 


bacteriostatic titer of these strains was 1.5 


./ee.; t all showed full clinical recovery within forty-eight hours. 
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In spite of the last two failures to de- 
velop streptomycin-tolerant strains of H. 
gallinarum in vivo after only one inade- 
quate injection, the ‘‘success’’ with strain 
528 should be taken as a grave warning 
that such a possibility exists. Therefore, 
for the bactericidal titers presented in 
table 1 the dosage of 0.2 Gm. of strepto- 
mycin per bird can not be reduced without 
jeopardizing clinical success and without 
the danger of developing streptomycin-fast 
strains, even in young pullets. This warn- 
ing is also based on table 2 (and its ex- 
planations) of a previous paper.* 

In Vivo Experiments.—The results pre- 
sented in table 1, obtained with in vitro 
tests, raised a question as to the extent to 
which these data approach the actual situ- 
ation in vivo. An answer is demonstrated 
in the preceding paragraphs: on the basis 
of the in vitro results of table 1, it had 
been concluded that a dose of 0.2 Gm. of 
streptomycin per bird was required for a 
bactericidal effect on the more resistant 
strains; it has been shown, in vivo, that 
doses of 100,000 and 50,000 units actually 
did not sterilize the exudate found inside 
the facial swelling of the 3 chickens tested. 

In addition to the negative proof, it was 
decided to try to demonstrate in a positive 
manner that an adequate dosage of strep- 
tomycin does kill all H. gallinarum organ- 
isms in vivo within a short period. The 
successful demonstration of such steriliza- 
tion in vivo would support the blood levels 
reported in table 1 of a previous paper * 
and would prove the applicability of the 
in vitro titrations presented in this paper. 
The technique of these in vivo tests con- 
sisted of attempts at isolation of the patho- 
gen immediately before the intramuscu- 
lar injection of the antibiotic and then 
again at a stated interval following the in- 
jection. In all cases of failure to obtain the 
typical culture on the blood agar slant in- 
oculated with the contents of the facial 
swelling, this sterile exudate was washed 
off the slant by means of serum broth; this 
broth-exudate mixture was incubated in 
partial CO, atmosphere for forty-eight 
hours, and then was used to inoculate new 
slants. In no instance did this additional 
procedure change the original results. In 
the experiment with birds 224, 234, 449, 
et cetera, the washed-off exudate was inoe- 
ulated into embryonated eggs, a more sen- 


sitive culture medium.‘ The results of 
these trials are summarized in table 2. 

This table demonstrates conclusively 
that with an adequate dosage of strepto- 
mycin, H. gallinarum organisms are steril- 
ized in vivo within two hours after injec- 
tion. As pointed out previously,*® this anti- 
biotic reaches maximal blood levels approx- 
imately after one hour. These in vivo data 
thus confirm the results of in vitro tests 
presented in table 1. This bactericidal ef- 
fect is of major importance because, be- 
sides the quick clinical recovery it induces, 
it also gives rise to the hope that the 
problem of healthy carriers*’ may have 
found its solution, in marked contrast to 
the situation after the treatment with 
sulfonamides.’ 


SUMMARY AND CONCLUSIONS 

In vitro bacteriostatic and bactericidal 
titers of streptomycin with different 
strains of Hemophilus gallinarum have 
been presented. 
One intramuscular injection of 200,000 
units (0.2 Gm.) of streptomycin per 
chicken yields blood levels adequate for a 
bactericidal effect against the majority of 
strains. Inadequate doses are liable to de- 
velop streptomycin-fast strains even after 
one injection. 
In vivo experiments proved the steriliza- 
tion of the pathogen within two hours 
after the injection of 0.2 Gm. of strepto- 
mycin per bird and thus confirmed the re- 
sults of the in vitro tests. 
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The Adaptation of Distemper Virus to 
Suckling Mice and Hamsters 


JOYCE C. GUTIERREZ, B.S., and JOHN R. GORHAM, D.V.M., Ph.D. 


Pullman, Washington 


THE PROPAGATION of the distemper virus 
(DV) in the developing chicken embryo 
has provided virologists with a convenient 
laboratory host for experimental proce- 
dures. Another advantageous animal for 
the study of distemper was found when 
Morse et al. were able to adapt the Wis- 
consin FXNO and Lederle strains of egg- 
propagated DV to suckling mice. The pres- 
ent investigation verifies the findings of 
the Wisconsin workers and furnishes data 
which indicate that a mouse-passaged 
strain may be adapted to the suckling 
hamster. 


MATERIALS AND METHODS 


Virus.—The inoculum for the mice was obtained 
from the eighty-ninth egg passage of Haig’s On- 
derstepoort (HG) strain of DV which had been 
stored in a refrigerator for thirty days at —20C. 
The suspension for the mouse inoculum was pre- 
pared in the following manner: Chicken embryos, 
7 days old, were inoculated on the chorioallantoiec 
membranes (¢.a.m.) with 0.1 ml. of virus. After 
a supplementary incubation of six days, the in- 
fected membranes were removed, weighed, and 
mixed with an equal quantity of horse serum, 
which had been inactivated at 56C. for thirty 
minutes. Penicillin and streptomycin were added 
to give a final concentration of 2,000 units and 
200 wg. per milliliter, respectively. The suspen- 
sion was ground in a Waring blendor and centri- 
fuged at 1C. in an international refrigerated cen- 
trifuge for thirty minutes at 6,000 r.p.m. The 50 
per cent infectivity dose (i.d.s) for the superna- 
tant fluid was 0.1 ml. of a 10~** dilution. The 
supernatant fluid was diluted 1:10 with normal 
saline solution and served as the mouse inoculum, 

Brains removed from destroyed infected mice 
or hamsters were ground in Ten Broeck grinders 
with sufficient nutrient broth (Difco), containing 
500 units of penicillin and 500 ug. of streptomycin 
per milliliter, to enable the nervous tissue to be 
injected. This dilution (approximately 1:2 of 
brain) was used as inoculum for virus passage in 
both mice and hamsters. Occasionally, the mouse- 
or hamster-propagated virus was titrated in the 
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developing chicken embryo by the method de 
scribed by Baker and her co-workers.” 

Serum Samples.—Serums coilected 
puneture from mink and foxes before and after 
exposure to mouse- or hamster-propagated virus 
were maintained at —20C. Immediately before 
use, the serums were thawed at room temperature 
and then heated at 56C. for thirty minutes. 

Animals.—Webster Swiss white mice raised in 
isolation were used for passage work. No latent 
virus infections were detected in the colony fol 
lowing serial intracerebral passage of nervous 
tissue or serial intranasal passage of lung tissue. 
Suckling mice, 2 to 6 days, preferably 3 days, of 
age, were inoculated intracerebrally (0.01 ml.) 
with virus or, in the ease of neutralization tests, 
virus and serum. Tuberculin syringes, 4 ml., and 
27-gauge needles were used for the injections. 
Dams and litters were removed from the stock 
eolony before inoculation and were killed at the 
termination of the experiment. As has 
pointed out by Dalldorf,* the use of very young 
mice requires arbitrary evaluation. Mice dying 
within two days postinoculation, or those not ac- 
counted for at the termination of the trial, were 
excluded from the data. The trial period was 
usually ten to fourteen days. Affected mice and 
hamsters were killed when showing neurotropic 
signs. The hamsters were inoculated in the same 
manner with the same quantity of material. In 
suckling hamsters, however, the most satisfactory 
age for inoculation appeared to be 2 days of age. 
Latent viruses were not noticed following serial 
intracerebral passages through random litters of 
suckling hamsters. 

The foxes employed in these studies were Silver 
and Silver White-Face animals; the mink, stand- 
ard and mutations; the ferrets, albino and black- 
footed. They were all reared in semi-isolation. 
Most of the animals were about 1 year of age, but 
a few were older. The animals had not been vac- 
cinated against distemper, nor had they experi- 
eneed field exposure. Their ration consisted of 
horsemeat, fish, and cereals. 


by cardiac 


been 
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Suckling-Mouse Passages.—Seven suckling mice 
less than 30 hours old were inoculated intracere- 
brally with HG virus. The mice appeared normal 
during a fourteen-day observation period and 
were killed. For the seeend adaptation attempt 
22, 3-day-old mice were inoculated. On the seventh 
day subsequent to inoculation, 1 mouse exhibited 
intermittent hyperkinesis, followed by incoordina- 
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tion, tonoclonie spasms, kyphosis, and prostration. 
After destruction, brain tissue derived from this 
mouse was inoculated into another litter of mice. 
The virus was then propagated serially in suck- 
ling mice without difficulty (tabie 1). The signs 


TABLE 1—iIntracerebral Passage of Haig’s On- 
derstepoort Strain of Egg-Adapted Distemper 
Virus in Unweaned Mice 


Time (days) 
Age after inoculation 


Passage of mice until appearance No. affected/ 
(No.) (days) of nervous signs No. inoculated 
1 3 7 1/22 
2 6 4 9/9 
8 3 5 6/6 
4 3 4 9/12 
5 5 3 9/9 
6 3 3 10/10 
7 5 3 11/11 
3 4 7/10 
6 3 6/10 
10 4 4 5/5 
11 3 5 7/10 
12 2 5 5/5 
13 3 4 6/9 
14 2 3 8/8 
15 4 3 10/10 
16 3 4 10/10 
17 3 5 12/12 
18 4 5 11/12 
19 3 5 7/7 
20 3 4 7/7 
2 2 4 18/20 
22 2 3 7/12 
23 3 5 9/10 
24 2 3 8/10 
25 2 3 8/8 
26 2 4d 11/14 
27 2 4 ‘10 


shown by the affected mice were similar to those 
described for the initial adaptation (fig. 3). In 
later passages, it was noticed that affected ani- 
mals would wander from the nest and those that 
were not destroyed became cyanotic and emaciated 
before death. Affected mice were removed so the 
dam would not consume them. 

Brain material from the fourth and sixth pas- 
sage was titrated in eggs. The i.d.so was 10°* and 
10°*, respeetively. The strain is now at the twenty- 
seventh passage level. It is passaged occasionally 
to maintain viability. 

Neutralization of Mouse-Propagated Virus in 
Chicken Embryos and Suckling Mice.—A suspen- 
sion of mouse-passaged virus inoculated onto the 
c.a.m. of chicken embryos caused lesions identical 
in gross appearance to those produced by the orig- 
inal HG virus. Neutralization tests were per- 
formed to establish the identity of the mouse vi- 
rus. One-hundred twenty-five units (i.d.so’s) of the 
sixth mouse passage were used with equal quanti- 
ties of serial fivefold dilutions of heat-inactivated 
commercial distemper serum and inoculated into 
chicken embryos. This serum had a definite neu- 
tralizing effect on the mouse virus, the 50 per 
cent neutralizing dose dilution (n.d.s) was 10°°*. 


The n.d.soo of the serum using 100 units of HG 
virus was also 10°°*. 

Mink, fox, and dog serums showing high levels 
of neutralizing antibody and control serums that 
showed no neutralizing capacity as demonstrated 
in in ovo neutralization tests were employed to 
demonstrate neutralization in mice of different 
passages of mouse-propagated virus. The proce- 
dure was as follows: Positive and negative mink, 
dog, or fox serums were thawed, heated at 56C. 
for one-half hour, cooled, combined in equal quan- 
tities with mouse-passaged virus, shaken thor- 
oughly, and incubated at 37 C. in a water bath for 
one hour. The positive serum-virus mixture was 
inoculated intracerebrally in 0.01-ml. amounts in 
one litter of mice and the negative serum-virus 
mixture was inoculated in the same quantity in 
another litter of mice to serve as a control. 

Using nineteenth passage mouse virus, 9 of 10 
mice were protected with positive titer mink se- 
rum; whereas, 7 of 9 were affected in the normal 
mink serum control. Positive dog serum protected 
9 of 9 mice from the twenty-second passage mouse 
virus; in the control group 6 of 9 mice were af- 
fected. Twelve mice of a litter of 12 were pro- 
tected from twenty-fourth passage mouse virus by 
high titer fox serum, and 14 of 14 exhibited typi- 
‘al signs followed by death in the controls which 
received a mixture of virus and negative fox 
serum. 

Mouse-Propagated Virus as an Antigen.—Three 
adult mink were selected whose serum showed no 
neutralizing activity when tested in ovo. Each of 
the 3 was given into the conjunctival sae of 
eye one drop of the eighteenth passage mouse- 
propagated virus diluted 1:2. Forty-three days 
later their serums tested in chicken em- 
bryos using 400 units of eighty-ninth passage HG 
respectively. 

One drop of 1:2 dilution of twenty-first 
onto the con- 
foxes. Serums 


each 


were 


Was 
pas- 
sage mouse virus was administered 
junectival membranes of 3 adult 
taken before inoculation contained no antibody to 
DV. On the twenty-third day after exposure, anti- 
body was detected in the serum of all foxes. The 
titer of the 3 rose to a maximum on the forty- 
second day and thereafter declined in 2 foxes. At 
five months, antibody was still detected (fig. 1). 
One of the foxes (34) died during anesthesia 
while bleeding; therefore, it was not possible to 
follow its serum antibody level. 

Using the twelfth passage mouse virus diluted 
10°, 4 ferrets were each given an exposure of two 
minutes in a cloud chamber* at 3 lb. of pressure 
with a DeVilbiss No. 40 nebulizer. Two addi- 
tional ferrets were exposed for one minute. These 
ferrets were not confined to the box after the 
stated time interval. Thirteen later, they 
were each given subcutaneous challenge of 1 ml. 
of a 20 per cent spleen suspension of virulent 


days 


* Described by Gorham et al.” 
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Green’s distemperoid virus. One ferret that had 
received a two-minute exposure succumbed to this 
challenge. It is not known why this exposure 
failed to immunize. The animal had perhaps 
blocked the orifice with its body while the nebu- 


TABLE 2—JIntracerebral Passage of Mouse- 
Established Distemper Virus in Suckling Ham- 
sters 


Time (days) 


Age of after inoculation 
Passage hamsters untilappearance No. affected/ 
(No.) (days) of nervous signs No. inoculated 
1 2 4 5/6 
2 2 3 2/3 
3 6 3 6/6 
4 3 3 9/9 
5 5 2 9/9 
6 2 3 10/10 
7 3 3 9/9 
7 3 3 5/5 
3 3 6/6 
10 2 3 10/10 
11 2 3 7/7 
12 2 4 7/7 
13 2 3 8/8 
14 3 3 10/10 
15 1 4 5/5 
16 2 3 9/9 
17 4 3 8/9 
18 4 3 7/7 


lizer was in operation. Five other ferrets were 
each given 1 ml. subeutaneously of a 10° dilution 
of thirteenth passage mouse virus material. Four- 
teen days later, they were each challenged with 1 
ml. of a 20 per cent weight/volume (w/v) viru- 
lent virus (Green’s) in the form of a spleen sus- 
pension. None of the ferrets succumbed to chal- 
lenge; whereas, 2 of 2 control ferrets died of 
distemper within thirteen days after a_ similar 
subeutaneous exposure. 

Suckling-Hamster Passages.—The twenty-first 
passage level of the mouse-established virus was 
adapted to suckling hamsters. Five of 6, 2-day-old 
hamsters became infected on the initial trial 
(table 2). The signs usually appeared on the 
third day following injection. The first indication 
of infection was their inability to crawl. When 
the suckling hamster attempted to move, it turned 
on its back and was unable to right itself. This 
was followed by circling, kyphosis, opisthotonos, 
unilateral and bilateral extension of limbs, ab- 
dominal breathing, retardation of growth, pros- 
tration, and death (fig. 4). It was necessary to 
remove infected unweaned hamsters when showing 
signs since the dam would usually eat them. Fur- 
thermore, the young should not be removed until 
they are to be destroyed as many hamster dams 
will immediately kill returned healthy or affected 
young. The hamster virus is now at the eighteenth 
passage level. A litter of hamsters is inoculated 
once each month to maintain the strain. 

Hamster-Propagated Virus Passaged in Mice.— 
A suspension of brain material from each succes- 
sive hamster passage was inoculated intracere- 
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brally in suckling mice. The signs exhibited by 
these mice were similar to those described for the 
previously established mouse passage; however, 
they were more marked and the sequence was ac- 
celerated with a shorter interval to death. Addi- 
tional passages were carried through three litters 
of suckling mice for the first two hamster pas- 
sages, and through one litter of suckling mice for 
several subsequent hamster passages (table 3). 
Neutralization of Hamster-Established Virus in 
Chicken Embryos.—Grayish opaque plaques, thick- 
ening and edema of the membrane, which are sim- 
ilar to lesions produced by egg-passaged strains, 
were observed on the c.a.m. following inoculation 


with hamster virus. The i.d.co per 0.1 ml. of 
inoculum prepared from brain material of the 
seventeenth hamster passage was 10*°. Nervous 


tissue from this passage level was tested in an in 
ovo neutralization test. Decreasing dilutions of 
acute and convalescent fox serums were employed. 
The antibody estimates of these samples were de- 
termined previously, using HG virus in eggs. The 
convalescent serum when diluted 1:630 neutralized 
5,000 units of hamster virus. The acute-phase 
serum had no neutralizing activity. In one test, 
high titer dog serum diluted 1:300 neutralized 
5,000 units of hamster virus. 

Hamster-Propagated Virus as an Antigen.—Six 
adult male foxes were exposed by various routes 
with a 1:2 dilution of tenth passage hamster vi- 
rus. Two received 2 drops in each conjunctival 
sac, 2 were administered 2 drops in each nostril, 
and the remaining pair each received 0.5 ml. sub- 
cutaneously. On the tenth day following exposure, 
1 fox which received virus subcutaneously and an- 
other given virus onto the conjunctiva showed 
signs of distemper, viz., anorexia, lassitude, shiv- 
ering, and a purulent conjunctival exudate. By 
the twentieth day, the signs had disappeared and 
the animals appeared healthy. 


TABLE 3—intracerebral Passage of Hamster- 
Established Distemper Virus in Suckling Mice 


Time (days) 


| 


after 
inoculation 
Passages until appear- No. 
Hamster carried Age of ance of affected 
passage in mice mice nervous No. 
(No.) (No.) (days) signs inoculated 
1 1 3 4 9/9 
2 2 2 3/6 
3 4 3 11/11 
2 1 2 3 7/8 
2 2 4 8/8 
3 4 3 12/12 
3 1 7 3 6/10 
4 1 3 3 10/11 
5 1 aq 2 10/10 
5 1 2 3 7/8 
6 1 3 3 13/18 
7 1 2 3 8/8 
8 1 2 4 17/19 
9 1 2 3 13/17 
11 1 2 3 10/13 
15 1 2 2 8/9 
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Egg neutralization tests using HG virus were 
employed to estimate changes in the antibody 
level of the foxes occurring as a result of ham- 
ster virus exposure. The results are presented 
graphically in figure 2. The serum of all 6 foxes 
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Fig. 1— Neutralizing antibody titer curves of 

serum from 3 foxes following conjunctival ex- 
posure to mouse-adapted distemper virus. 


showed rises in titer as a result of infection. The 
levels attained resembled those of dogs vaccinated 
with egg-adapted virus, in that the titer reached 
its highest level four to six weeks following ex- 
posure and thereafter declined. Due to the small 
number of samples tested for each route of ex- 
posure, statistical analysis was not practicable; 
however, the antibody response curves were sim- 
ilar. The serum from 5 foxes, which received no 
exposure to virus, showed no neutralizing antibody 
titer. 
DiIscUssION 

Distemper virus appears to be highly 
mutable. Clinical reports of gradations of 
virulence or neuro-invasiveness or both in 
dogs are numerous. If vaccination is de- 
layed or not accomplished, an outbreak of 
distemper on a mink ranch affords an ex- 
cellent opportunity to observe differences 
in the virus-host relationship. Frequently, 
hundreds or thousands of mink may suc- 
cumb during a single epizootic. Hartsough 
and Gorham,* have observed outbreaks of 
mink distemper in which the number of 
nervous cases were far in excess of the 
usual number encountered. 

Using the period to death in ferrets as a 
criterion of variations of virulent virus, 
it has been suggested by Gorham and 
Brandly * that the Delavan strain, Glas- 
gow $123 strain, and the so-called hardpad 


virus may be related. Ferrets inoculated 
with these strains rarely die in less than 
twenty days; whereas, with the Laidlaw- 
Dunkin strain and the Green strain, death 
of the ferret occurs within thirteen days. 
Larin® studied 23 strains of virus iso- 
lated from epidemics and sporadic cases of 
distemper from different areas of Britain. 
He has divided the strains into three 
groups (A, B, and C). A number of the 
ferrets which recovered after inoculation 
with groups B or C, died following chal- 
lenge with group-A strain, whereas, other 


ferrets exhibited a febrile rseponse and 
subsequently recovered. Isolation of all 
three groups has been accomplished by 


Larin in a single epizootic. 

According to the available literature, 
there have been at least five adaptations of 
virulent virus to the developing chicken 
embryo. These strains have been desig- 
nated as the Onderstepoort or Haig,’ Led- 
Wisconsin FXNO,° and Connaught.'” 
Lucam and co-workers" have also reported 
a chicken embryo attenuated strain. 

Morse‘ and her colleagues did not ex- 
perience difficulty in adapting the Lederle 
and Wisconsin FXNO strains to suckling 
mice. In our study, adaptation of the On- 
derstepoort strain occurred in the second 
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Fig. 2—Neutralizing antibody titer curves of 

serum from 6 foxes following exposure to ham- 
ster-adapted distemper virus. 
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trial. Apparently, nervous tissue of un- 
weaned mice provides an environment 
which favors the selection and survival of 
appropriate mutants. 

Adaptation of the mouse-propagated vi- 
rus to suckling hamsters was accomplished 
during the first trial in which 5 of 6 ham- 
sters became infected. Thus, it would ap- 
pear that mouse- and hamster-virus mu- 
tants may be similar or closely related. 

In order to demonstrate that the agent 
propagated in mice and hamsters was DV, 
fluids containing virus were administered 
to susceptible carnivores. Passage levels 
were used in which it was believed that 
there was little likelihood of original virus 
acting as an antigen. Ferrets receiving 
mouse-adapted virus subcutaneously or as 
an aerosol were refractory to challenge 
with virulent virus. Mink and foxes re- 
ceiving a conjunctival exposure of the 
mouse virus showed a significant rise in 
neutralizing antibody. The administration 
of modified virus by the routes utilized by 
their virulent counterpart in nature is cur- 
rently being investigated as possible meth- 
ods of vaccination. 


Fig. 3—Affected mouse (right) shows nervous 
signs and emaciation. On the left is an uninoc- 
ulated litter mate. 


Fig. 4—Unweaned hamsters showing alternate 
extension of limbs and opisthotonos. 


That the hamster-adapted virus was ef- 
fective as an antigen was confirmed by in- 
tranasal, subcutaneous, and conjunctival 
exposure in foxes. Inasmuch as 2 of the 
foxes showed signs of distemper following 
exposure to the hamster virus, the possibil- 
ity of a reversion to virulence by the selec- 
tive survival of virulent mutants in ham- 
ster passage must be considered. 

The adaption of virulent DV to suckling 
mice and hamsters was not attempted. The 
egg-propagated virus was selected as an 
original inoculum because of its advan- 
tages in titrating. No effort was made 
to adapt mouse- or hamster-propagated 
agents to weaned individuals. The adapta- 
tion of the HG virus directly to suckling 
hamsters without previous mouse passage 
was not undertaken. 

In our experience, virus collected from 
chorio-allantoic membranes infected with 
HG virus rarely exhibits a 50 per cent in- 
fectivity dose in excess of 10** per 0.1 ml. 
Mouse- and hamster-established strains 
were found to reach a level of 10°* per 0.1 
ml. when titrated in eggs. Morse et al.’ re- 
ported that the id.,, titer per gram of 
mouse brain infected with the sixteenth 
passage of the FXNO strain was 10°. 
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SUMMARY 


The Haig Onderstepoort strain of egg 
distemper virus was established in suckling 
uniee. This mouse-passaged strain was then 
adapted to suckling hamsters. 

When the mouse-propagated agent was 
placed on the conjunctival membranes of 
mink and foxes it caused a significant rise 
in serum neutralizing antibody. 

Five of 6 ferrets receiving the mouse- 
passaged strain as an aerosol and 5 of 5 
ferrets given this virus subcutaneously 
were resistant to challenge. 

Hamster-established virus given by 
either the conjunctival, nasal, or subcuta- 
neous routes to foxes resulted in a signifi- 
cant rise in serum antibody. 
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An Alcohol-Drip Apparatus for the Sliding Microtome 
PETER J. SQUICCIARINI, A.B. 


Upton, New York 


IN weET sectioning of celloidin embedded 
tissue, it is necessary to maintain a layer of 
alcohol on the knife and on the surface of 
the block. The alcohol acts as a lubricant 
and also prevents drying of the block. The 
application of aleohol may be done by hand 
or mechanically. To apply the alcohol by 
hand while operating the microtome slows 
down the cutting operation, unless the op- 
erator is ambidextrous. In addition, stop- 
ping and starting the knife to apply alco- 
hol results in an extensive wasting of tissue 
due to half-sections and sections of uneven 
thickness. Unless the knife can be kept 
moving smoothly at a constant rate the re- 
sult will be sections of nonuniform thick- 
ness regardless of the setting on the micro- 
tome. Such smooth operation is particu- 
larly hard to obtain when sectioning large 
blocks, such as equine and bovine eyes or 
brains. 

A more efficient arrangement for flooding the 
block and knife is an automatic dropping device. 
The apparatus (fig. 1) deseribed here is a modifi- 
cation of the one described by Frontera et al. 
The components are inexpensive stock items. 

A master hoseeock (A) between the reservoir 
and the ‘‘ Y’’ tube allows the flow to be turned on 
or off without disturbing the setting of cocks B 
and C. The aleohol is delivered automatically to 
the block by a tapered and bent glass tube, and 
the operator is not distracted from the eutting 
operation. The rubber connection of this glass 
tube allows it to bend away if it is touched by the 
hand or other moving parts. The alcohol is sup- 
plied to the knife through a plastic tube (size 
0.085-in. diameter) which is raised off the knife 
so that large sections may be flattened or moved 
about on the whole of the knife’s surface. The 
clip that holds the tube above the knife is made 
by bending a piece of steel wire to conform to the 
shape of the knife back. It covers only half the 
width of the knife, avoiding all of the cutting 
edge, and is removec by simply pulling it off. The 
tip on the plastic tube is a bit of drawn glass tub- 
ing bent into a quarter circle. This bent tip pre- 
vents the alcohol from running back along the 
tube and down the clip wire, which is out of the 
path of the section being cut. A simple but help- 
ful addition to the knife itself is an alcohol drain. 
An 8-inch length of plastic tubing which is slit at 


From the Biology Department, Brookhaven National 
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Fig. 1—An automatic device for dropping alco- 
hol on the microtome. 


one end is placed over the right edge of the knife 
and secured with a rubber band. As the alcohol 
level becomes excessive, it enters the tube at the 
rubber-band end by capilarity. It then travels 
along until it starts downward. At this point the 
tube acts as a syphon, and the alcohol drops into 
a pan. This arrangement does not remove all of 
the aleohol from the knife unless the flow is shut 
off. 

A constant flow of alcohol is obtained, 
and its rate can be varied to suit the oper- 
ator by adjusting the hosecocks B and C. 
It is possible to obtain an alcohol flow as 
slow as 10 ml. per hour. 
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17-Ketosteroids and 17-Hydroxycorticosteroids in 
Bovine Urine as Determined by B-Glucuronidase 
and Mild Acid Hydrolysis 


LOUIS W. HOLM, Ph.D., and GLADYS FIRCH, B.A. 


Davis, California 


A wea.tH of iuformation exists on the 
urinary excretion of adrenal steroids in 
the human subject and in small experi- 
mental animels;’ less is known aout 
steroid excretion in ruminants in either 
normal or pathological states. 

Garm,’ in a study of bovine nymphoma- 
nia, found ‘‘a statistically highly signin- 
cant inerease in the width of the adrenal 
cortes.’’ This was correlated with de- 
cressed excretion of the neutral steroids in 
the urine of the affected animals. The de- 
termination of the neutral steroids was 
made with Pineus’ method and results 
were given in photometric units. 

Meschaks * determined the concentration 
of neutral steroids in bovine urine by 
means of acid hydrelysis and color devel- 
opment by both Pineus’ and Zimmer- 
mann’s methods. By plotting spectral 
curves, he determined that 17-ketosteroids 
do occur in bovine urine but that they are 
not chemically identical with those found 
in human urine extracts. Mesehaks found 
an average of 16 mg. of 17-ketosteroids per 
liter of urine in normal cows, 20 mg. per 
liter for cows with adrenal virilism, and 22 
mg. per liter fur bulls. These determina- 
tions were made on urine collected in the 
morning when, because of diurnal varia- 
tion in exeretion rate, the concentration of 
the steroids was lowest. 

Seekles et al.'® used acid hydrolysis, hot 
benzene extraction, fractional adsorption 
on alumina, and elution with benzene and 
benzene-alcouol. Concentrations of 17-keto- 
steroid obtained in this manner ranged 
from 1 to 10 mg. per liter. Seekles further 
demonstrated that the ketosteroids of cow 
and horse urine were predominantly of 
adrenal origin and that those of gonadal 
origin constituted but a small part of the 
output. 

Neutral steroids and total reducing cor- 
ticoids were determined in cow urine dur- 
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ing various phases of the reproductive 
cycle by Holcombe.* His data indicate a 
higher degree of adrenocortical activity 
during the last month of gestation than at 
any other time. During the peak period, 
the neutral steroid concentration was 45 
mg. per liter in contrast to 19 mg. per liter 
excreted by nonpregnant lactating cows. 
Cows with parturient paresis excreted 14 
mg. per liter. The neutral steroid-excre- 
tion curve was paralleled by the concentra- 
tions of total reducing corticoid excreted 
during the same period. Cows in the last 
month of pregnancy excreted an average 
of 8.2 mg. of the latter per liter, nonpreg- 
nant lactating cows excreted 4.0 mg., and 
cows with parturient paresis excreted 1.4 
mg. per liter. 

In all reports to date, steroids in bovine 
urine have been measured after the use of 
acid hydrolytic methods employing strong 
acid. The proklem of the proper hydrolytic 
procedure to free ketosteroids and cortico- 
steroids from their conjugates has been the 
subject of recent reviews by Lieberman 
et al.° and Mason.* The use of a chromato- 
graphic column to separate hydrolytic 
products from extraneous material is now 
generally advocated. 

This report deals with the glucuronide- 
and nonglucuronide-conjugated 17-keto- 
steroids and total 17-hydroxycorticoste- 
roids in the urine of several groups of 
normal cows, in one group of animals with 
a history of low conception rate, and in 
one group of animals with clinically diag- 
nosed traumatic gastritis or lung abscess. 


METHODS 


used in this 
Holstein-Friesian 


Seventy-nine were study. 
Forty-two Jerseys and 1 with 
normal sexuai and breeding cycles and ranging in 
age from 2 to 12.5 were in the milking 
string of the University of California dairy herd. 
Eighteen cows were from private herds; 6 were 
lactating Guerneys, 4.5 to 9 years old, from a 
farm in foothill country; and 12 were of Guernsey 
breeding, 3 to 12 years old, from a valley farm. 


cows 


years 
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Another group consisted of 13 Jersey cows with 
well-documented histories of low conception rates.* 
The animals in this group had been bred numerous 
times to bulls of known fertility. There were no 
nymphomaniac animals in this group; none dis- 
played any overt signs of abnormal behavior. A 
fourth group consisted of 5 animals from which 
urine samples had been taken after their admis- 
sion to the Veterinary Clinie of the University. 

Because of physical difficulties involved in eol- 
lecting twelve- or 24-hour urine samples, spot 
samples were taken in the late afternoon. Eosino- 
phil cell counts and total leukocyte counts were 
made. The eosinophil cells were counted by the 
method of Randolph.’ 

The determination of 17-ketosteroid and 17-hy- 
droxyeorticosteroid glucuronides in the urine was 
made by the method of Glenn and Nelson*® in 
which acetate-buffered urine was ineubated at 37 
C. for twenty-four hours after the addition of 
penicillin, and 330 Fishman units of §8-glucuroni- 
dase per cubic centimeter. In the original method, 
extraction of the steroids with chloroform was 
made at the prevailing pH. The extract was 
washed, adsorbed on a Florisil column, and frac- 
tionally eluted. The 17-ketosteroid fraction was 
determined by Callow’s modification of the Zim- 
mermann method and the 17-hydroxycorticosteroid 
fraction was determined by the Porter-Silber 
method. This procedure was followed in our de- 
terminations except that the extraction of the 
steroids was done at pH 1 at room temperature. 
In addition, an aliquot of urine without enzyme 
was treated in an identical manner. This proce- 
dure allowed us to determine the total steroid and, 
by subtraction, the fraction existing glueu- 
ronide conjugates. 


as 


RESULTS 
Table 1 provides a summary of all val- 
ues obtained in all groups of animals with- 
out regard to their reproductive status. 
One noteworthy point is the high concen- 


* Thanks are due to Dr. P. T. Cupps for making the 
low fertility animals available to us for study. 


tration of both 17-ketosteroids and 17-hy- 
droxycorticosteroids in group 1. It is un- 
fortunate that eosinophil cell counts could 
not have been made on this group. Of 


TABLE 2—Variability in 17-Ketosteroid Conju- 
gation as Glucuronide in the 6 Cows of Group 1 


17-Ketosteroids (mg./liter) 


Nonglucuronide Glucuronide 
conjugated conjugated Total 
49.7 0.0 49.7 
12.7 14.8 27.5 
7.5 18.1 25.6 
24.8 14.4 39.2 
9.9 29.3 39.2 
15.5 43.5 


28.0 


further interest is the extreme variation in 
the degree of glucuronide conjugation of 
the 17-ketosteroids in groups 1 and 2. This 
variation for group 1 is charted in table 2. 
A third point of interest is the relative 
constancy of the 17-ketosteroid values ob- 
tained in groups 2 and 3. Comparison of 
the 17-ketosteroid concentrations in groups 
2, 3, and 4 and the eosinophil cell count in 
groups 3 and 4 reveals possible adrenal 
cortex hypofunction in group 4 animals. 

Table 3 is a summary of the 17-ketoste- 
roid concentrations in the urine of 45 of 
the same animals listed in table 1, but in 
which the groups are arranged according 
to the reproductive status of the animals. 
Table 4 is a summary of data obtained on 
5 clinical cases. 

Discussion 

At the outset it should be understood 
that the term ‘‘17-ketocteroids’’ as used in 
this report is synon’ cus with Zimmer- 
mann-positive substances. It is understood 
that there may be ketosteroids other than 


TABLE i—Summary of Urinary Ketosteroids, Urinary Corticosteroids, and Circulating Eosino- 


phils in Four Groups of Cattle 


17-Hydroxycorti- 


17-Ketosteroids (mg./liter) costeroids Eosinophils 
Nonglucuronide Glucuronide Total (mg./liter) total per 1 cmm. 
Animals Mean Range Mean Range Mean Range Mean Range Mean Range 

Group 1 22.6 7.5t0 49.7 15.0 0.0to 29.3 37.6 25.6t0 49.7 0.207 0.112 to 0.287 Not counted 
6 Guernsey 
Group 2 5.8 2.9to 9.4 7.0 0.0to14.1 12.6 8.1 to 14.1 0.140* 0.011 to 0.280* Not counted 
12 Guernsey 
ee eee ee 11.2 4.7t0 17.4 0.0 0.0 498 66 to 1,419 
42 Jersey 
5.5 2.8t0 10.4 0.0 0.0 917 165 to 2,112 
13 Jersey 


with low con- 
ception rate 


* Mean and range of the 6 cows which had positive urines. 
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the ‘‘17-keto’’ type present in the urine 
which will react with the Zimmermann re- 
agent. Seekles did demonstrate the pres- 
ence of true 17-ketosteroids in bovine urine 


TABLE 3—Urinary Ketosteroid Concentrations 
During Three Phases of the Bovine Reproduc- 


tive Cycle 
17-Ketosteroids (mg./liter) 
Cows Mean Range 
Nonpregnant; lactating ; 
11 animals. 10.6 7.5 to 13.3 
Pregnant; samples up to last month 
of pregnancy ; 24 animals. 11.6 5.4 to 16.1 
Pregnant; samples during last month 
of pregnancy; 10 animals. 10.3 2.6 to 14.2 


by the use of spectral curves, and Zimmer- 
mann-positive substances can be used 
diagnostically as witness the results of 
Holcombe. 

It should be understood further that the 
rate of excretion of 17-ketosteroids is not 
constant but varies diurnally and from 
day to day. The day-to-day variation as 
determined in this work was not great as 
later documentation will reveal. Diurnal 
variation, however, does present a prob- 
lem. Meschaks* reported that the bovine 
animal had a low excretion rate in the 
morning «nd a higher one in late afternoon 
and evening. Mason and Engstrom* con- 


elude that a diurnal variation is the usual 
pattern encountered in the human subject 
in which daytime titers were higher than 
those during the night. Data from this 
laboratory support the concept of diurnal 
variation of excretion but point to the 
morning urine as containing the greatest 
concentration of steroid. In 1 of several 
animals sampled throughout the day, we 
encountered a change from 8.1 mg. per 
liter at 8 a.m. to 4.5 mg. per liter at 4 p.m. 
It is acknowledged that the sampling tech- 
nique used in this study did not and could 
not smooth out these diurnal variations in 
urine concentrations but we believe that 
the taking of urine samples late in the 
afternoon and at the same time for each 
animal has eliminated the extremes of var- 
iation which might be encountered. 

The data cited in table 1, with the ex- 
ception of those in group 1, are more com- 
parable to those reported by Seekles than 
to these reported by Holeombe. A common 
factor in the method used here and in that 
employed by Seekles was the use of a chro- 
matographic column to remove extraneous 
materials and nonspecific chromogens and 
produce thereby a cleaner extract than was 
otherwise possible. We have been unsuc- 
cessful in utilizing a nonchromatographic 
method of steroid determination in bovine 


TABLE 4—Steroid Excretion and Eosinophii Levels in Diagnosed Clinical Conditions in 5 Cows 


17-Ketosteroids 


(mg./liter) 


Non- 
glucu- 
ronide 


Glucu- 
Condition of cows ronide 
1) Traumatic gastritis 

(Lactating, condition good ) 
a) Before surgery 
b) 18 hr. after surgery 4.3 
c) 5 days after surgery H 
d) 8 days after surgery 
¢) 12 days after surgery 
2) Traumatic gastritis 
(Pregnant) 
a) Before surgery 
b) 2 days after surgery 
c) 6 days after surgery 
d) Uneventful recovery 
Traumatic gastritis 
a) Before surgery 
b) 1 day after surgery 
Lung abscess 
a) Admission* 
b) 1 week later 
c) 2 weeks later 
Traumatic gastritis 
(Pregnant, condition poor) 
a) Before surgery 
b) 2 days later 
¢) 1 week later 


4d 


~ 


5 


17-Hydroxycorticosterone 


(mg./liter) Eosinophils 
Non- Percentage 
glucu- Glucu- No. per of total 
Total ronide ronide Total lemm. leukocytes 
0.0 0.0 0.0 70 4.7 
9.8 0.18 0.34 0.52 190 1.7 
9.0 0.41 0.19 0.60 16 0.1 
12.2 0.0 0.35 0.35 16 0.1 
8.7 0.0 0.42 0.42 38 0.6 
25.6 0.0 0.57 0.57 ee 
16.5 0.0 0.0 0.0 137 1.6 
14.3 0.0 0.47 0.47 154 1.8 
sou 0.0 0.69 0.69 66 0.9 
18.6 0.1 1.3 44 
9.0 0.16 0 0.16 77 
14.0 0.0 > 0.35 110 
8.7 0.0 0.42 0.42 38 0.6 
25.6 0.0 0.57 0.57 60 0.8 
16.5: 0.0 0.0 137 1.6 


* Antibacterial therapy instituted. 
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and sheep urine. Moreover, the mild hy- 
drolysis employed in our procedure de- 
stroys fewer steroid metabolites and is 
specific for one conjugated form of the 
steroids. 

In contrast to Holeombe’s data, we have 
found no mean increase in the 17-keto- 
steroid concentration of urine during the 
last month of pregnancy. This emphasizes 
the factor of individual excretion rates 
and makes it necessary to follow individual 
animals for periods of time. By doing this 
we have obtained data which do support 
those of Holeombe. In one instance, the 
total 17-ketosteroid concentration deter- 
mined just prior to calving was 8.5 mg. per 
liter. Immediately after calving, the con- 
centration fell to 5.7 mg. per liter. In two 
other instances, the concentrations on the 
day of parturition were 23.7 and 14.2 mg. 
per liter and fell to 4.6 and 7.8 mg. per 
liter, respectively, during the next three 
days. That such changes were not the re- 
sult of daily fluctuation or sampling errors 
was demonstrated by sampling 4 animals 
at daily and weekly intervals; the range of 
17-ketosteroid concentrations obtained in 
this manner being: 10.8 to 13.3; 11.2 to 
14.0; 11.3 to 12.3; and 8.5 to 10.4 mg., re- 
spectively, per liter. 

The extreme variation in the degree of 
conjugation of the ketosteroids as gluen- 
ronides can not be explained at this time. 
It is possibly due to inherent variation in 
hepatic activity. Day-to-day sampling of 
the same animal demonstrated that large 
shifts oceurred in the degree of conjuga- 
tion, even when the total steroid level re- 
mained nearly constant. Sampling of the 
same animal several times during the day 
revealed a constancy of concentration of 
the conjugated form of the steroid well 
within the limits of experimental error. 

No adequate explanation can be offered 
for the very high concentrations of steroids 
in the urine of group 1. That the 17-keto- 
steroids, measured here, were not artefacts 
is given credence by the parallel high con- 
centrations of 17-hydroxycorticosteroids or 
other Porter-Silber positive material. Un- 
fortunately, the eosinophil correlation can 
not be made. 

Low mean values obtained in group 4 
could have been a reflection of the dry 
nonpregnant condition of the animals, but 
we do not have adequate data to substan- 
tiate this point. On the other hand, all 


animals in the group were known to have 
extremely low conception rates. Of the 13 
animals sampled, the mean number of serv- 
ices reported at the time of the determina- 
tions was nine. The range of the number 
of services was four to 19. Whatever the 
basic cause of this reproductive condition 
may be, the low ketosteroid concentration 
and high eosinophil cell count would ap- 
pear to be related to hypoadrenalism. Am- 
plification of this point will be presented 
elsewhere.* 

The concentration of total reducing cor- 
ticoids in bovine urine as reported by Hol- 
ecombe varied with the reproductive state 
of the animal but ranged from 2.5 to 13.5 
mg. per liter of urine in normal cows. The 
method employed herve, however, deter- 
mined a specific component of the reducing 
fraction after the removal of extraneous 
material in the chromatographic process. 
Strict comparisons between the two sets of 
data can not be made. Yurthermore, the 
appearance of Porter-Silber positive mate- 
rial in the urine bore no relationship to the 
reproductive state of the animal. Among 
the 6 animals in group 2 which had posi- 
tive urines, 2 had been fresh for two weeks, 
1 had been in heat the day prior to sam- 
pling, 1 was four-months pregnant, and 2 
were open. The variation does not seem to 
be related to methodology ; 17-hydroxycor- 
ticosterone-free alcohol has been added to 
freshly collected urine and the recovery of 
the hormone has been 85 to 106 per cent. 
Furthermore, administration of ACTH to 
cows has caused the appearance of Porter- 
Silber positive materials in the urine. 
These are presumably 17-hydroxycortico- 
steroids. From the data presented here, it 
ean be said that 17-hydroxycorticosteroids 
do not normally constitute a significant 
portion of the total reducing corticoids 
which appear in the urine of normal cows. 

Quite a different situation was observed 
in 5 cases sampled in the clinies (table 4). 
In all instances, 17-hydroxycorticosteroids 
were found in the urine and in all but two 
samplings the steroids were predominantly, 
if not totally, glucuronides. Surgical in- 
tervention proved to be a sufficient stresser 
to cause increased output of the hormones. 
Except in the terminal case 1, the reverse 
process occurred as healing occurred and 
the presurgical state was again approxi- 
mated. Data from cow 1 provide excellent 
correlations between the eosinophil levels 


ll 
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and the 17-hydroxycorticosteroid elimina- 
tion. In cows 2 and 5, where close sampling 
intervals were used, the stress of surgery 
also promoted significant elevations in 
ketosteroid concentration. Although in- 
creases in urine levels of 17-ketosteroids 
and 17-hydroxyeorticosteroids have been 
observed after surgery in other animals 
and man, the magnitude of change ob- 
served in cattle has not been presented 
previously. 


SUMMARY 


Mild hydrolysis of bovine urine with 
B-glucuronidase and acid hydrolysis at 
room temperature, followed by chromato- 
graphic separation, has proved to be a 
practical approach to the determination of 
both ketosteroids and 17-hydroxycortico- 
steroids. The concentrations of ketosteroids 
determined in this manner varied consid- 
erably among the animals sampled. This 
was especially true of the glucuronide 
fraction. 

We have confirmed Holeombe’s observa- 
tion that there is a decrease in ketosteroid 
excretion from the immediate prepartu- 
rient period to the early postparturient 
period. 

Except in one group of normal animals 
and in a small group of hospitalized ani- 


mals, the urine concentration of 17-hy- 
droxycorticosteroids was essentially nil. 
One group of animals with histories of 
low conception rates had lower mean keto- 
steroid concentrations and more circulat- 
ing eosinophils than did normal animals. 
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The Pathogenicity of Certain Strains of Escherichia Coli 
for Young Mice and Calves 


T. MOLL, D.V.M., Ph.D., and C. K. INGALSBE, M.S. 


Pullman, Washington 


Various serological strains of Escherichia 
coli become established in the intestinal 
tract of animals and man soon after birth 
and thereafter constitute part of the nor- 
mal intestinal flora.®:":**;**» However, this 
organism is generally considered to be 
a potential pathogen which may cause 
acute or chronic infections under certain 
conditions.** 

Several serological strains of Esch. coli have 
been found to be associated with cases of infantile 
diarrhea ****** and with cases of severe diar- 
rhea in newborn domestic animals.” In such 
eases, certain serological strains have been en- 
countered more frequently than others. It has 
been suggested that these strains of Esch. coli are 
the primary cause of the above mentioned disease 
syndromes of the young. Available evidence of 
their primary importance in disease production is 
yet insufficient to afford any conclusion.” * In 
most instances, it seems to be incrimination by 
association rather than by fulfillment of Koch’s 
postulates.* * 

Most strains of Esch. coli are considered to be 
of low virulence for laboratory animals. Oral ad- 
ministration of Esch. coli to adult laboratory ani- 
mals seems to be without effect,™” and relatively 
large intravenous or intraperitoneal doses are re- 
quired to kill.°**™”* Webster™ found that 
mice which were relatively resistant to the oral 
administration of Bacterium enteritidis were like- 
wise resistant to this organism introduced sub- 
cutaneously, intravenously, or intraperitoneally, 
while mice relatively susceptible by oral admin- 
istration were also susceptible to the organism 
when given by parenteral routes. There are few 
controlled observations pertaining to the patho- 
genicity of Esch. coli for young laboratory 
animals. 

The pathogenicity of Esch. coli for young calves 
remains a controversial issue. The literature on 
this subject has been reviewed by Hagan® and 
by Moll.” 

The nutritive and protective value of colostrum 
for the calf has long been recognized. The exact 
nature of the protective properties of colostrum 
against infection has not yet been definitely estab- 
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lished. Briggs, Lovell et al.’ have presented evi- 
dence of some relationship between agglutinins 
against K antigens of Esch. coli in colostrum and 
a possible increase in resistance in calves that 
received it. 

In cases where Esch. coli has been incriminated 
in spontaneous disease syndromes of the young, 
the disease manifestations are believed due to the 
ingestion of this organism. 

The following investigation is an attempt to 
evaluate and compare the effects of certain Esch. 
coli strains given orally to suckling and weaned 
mice and young calves. 


MATERIALS AND METHODS 


Experimental Animals.—Calves were obtained 
from two dairy herds with no history of diarrhea 
among calves. Calves were allowed to consume 
colostrum from their mothers for twenty-four to 
forty-eight hours after birth and were then 
brought to the experimental premises. All calves 
were kept on rubber link mats in individual isola- 
tion units during the entire experimental period 
(14 days). They were fed reconstituted whole 
powdered milk by means of nipple bottles. All 
utensils were sterilized after use and rooms and 
mats were cleaned and disinfected with 5 per cent 
cresol solution and then allowed a drying period 
of a week or more before new calves were 
introduced. 

Mice were obtained from a colony of Webster 
Swiss white mice. This particular mouse colony 
has an extended history of freedom from infec- 
tions and death losses among weaned and adult 
mice. A survey revealed 1 to 2 per cent death 
losses among baby mice during the first three days 
of life. In some very large litters, death losses 
were as high as 7.5 per cent during this interval. 
Some of those dead had been partly or completely 
consumed by the mothers. No signs of disease 
were observed among these baby mice before 
death. Death losses were not observed after the 
third day of life. Suckling mice were kept with 
their mothers during the entire experimental pe- 
riod. Mice were weaned when 3 weeks of age, 
after which time they were fed ‘‘Purina lab 
chow’’ and fresh tap water, ad libitum. 

Escherichia coli strains were isolated from three 
different sources as follows: C-—25 and C-24 from 
the small intestines of normal calves; C-16, C-18, 
C-28, and C-29 were from the organs of calves 
which died of enteritis;* O-26, O-55, and O-111 


* The strains isolated from calves were O-typed by the 
courtesy of Miss Inez E. Brownlee, Dept. of Bacteriol- 
ogy, University of Oregon Medical School. The O-group 
of each of the strains is given in table 1. 
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TABLE 1—Oral Administration of Certain Strains of Escherichia Coli to Newborn Calves, 


Esch. coli Calves 

Isolate O group No. ill 

C-16 0-25 0/2* 0/2 

C-18 0-101 0/2 0/2 

C-—24 0-77 0/2 0/2 

C-25 0-7 0/1 0/1 

C-—28 0-8 0/2** 0/2 

C-29 0-8 0/1 0/1 
0-26 0/1 0/1 
0-55 
0-111 

C-18 0-101 

heat 

inactivated 

C-28 0-8 

heat 

inactivated 

Saline 0/2 0/2 


No. dead 


Suckling mice 
(1- to 3-day-old) Weaned mice 


No. ill No. dead No. ill No. dead 
0/37 4/37 0/12 0/12 
30/30 30/30 0/12 0/12 
0/24 0/24 0/12 0/12 
0/24 0/24 0/12 0/12 
29/29 29/29 0/12 0/12 
0/28 0/28 0/12 0/12 
0/39 1/39 0/12 0/12 
0/26 0/26 0/12 0/12 
0/31 0/31 0/12 0/12 
0/24 0/24 0/12 0/12 
0/21 0/21 0/12 0/12 
0/40 0/12 0/12 


3/40 


* Numerator—number affected; denominator—number exposed; ** evacuation of loose stools during 


an interval of twelve to eighteen hours. 


were from cases of infantile diarrhea.** The var- 


ious Esch. coli strains were maintained on Difco 

stock culture agar medium and stored at 5C, 
Preparation of culture for inoculation was ae- 

complished by transferring from stock cultures to 


heart infusion agar slants (Difco). After a 24- 
hour incubation at 37C., the organisms were 
washed off with physiological saline in such 


amounts as to give a suspension density of ap- 
proximately 1x10” microorganisms per milliliter. 

Inactivation of bacterial suspensions was ac- 
complished by heating at 60C. for two hours. 
Heated suspensions were then tested for sterility 
by subeultures on blood agar incubated at 37 C. 
for forty-eight hours. 

Serological Procedures—Blood samples were 
collected from calves by jugular vein puncture. 
Serums were stored in the frozen state so 
they could be tested against the same antigen 
preparation. 

Antigens O (LB), O (A), and K were prepared 
from the various Esch. coli strains employed and 
agglutination tests were carried out according to 
the methods described by Kauffmann.” 

Experimental Exposure-——Each of seven sero- 
logical strains of Esch. coli was administered to 1 
or 2 calves, 2 to 4 days old. Two additional con- 
trol calves of the same age were given physiologi- 
eal saline solution per os (table 1). Each newborn 
ealf received three to four repeated doses of ap- 
proximately 10 ml. of the test suspension in their 
milk over a period of three days. 

Each strain of Esch. coli employed was given 
to 12 weaned mice. In addition, similar groups of 
mice received heat-inactivated suspensions of Esch. 
coli C-18 and C-28 and one group, physiological 


** These strains were furnished by the courtesy of Drs. 
Erwin Neter, Children’s Hospital, Buffalo, N. Y., and 
William Ferguson, Michigan Department of Health, Lan- 
sing. The strain designation is the O group of the re- 
spective strains. 


saline solution (table 1). Each mouse received 4 
to 6 drops of the test suspension orally after be- 
ing deprived of food and water for about six 
hours. 

Each strain of Esch. coli was administered to 
several 'l- to 3-day-old suckling mice. In addition, 
groups of suckling mice received heat-inactivated 
Esch. coli C-18, Esch. coli C-28, and physiological 
saline, respectively (table 1). Each suckling 
mouse received 1 to 2 drops of the test suspension 
deposited in the oral cavity by means of a 27- 
gauge needle attached to a syringe. 


RESULTS 


All calves remained healthy throughout 
the experimental period. Two calves which 
received Esch. coli C-—28 evacuated loose 
stools subsequent to the first treatment 
(table 1). This condition was very tran- 
sient and not associated with a tempera- 
ture reaction or inappetence. At the age 
of 14 days, these calves did not reveal any 
gross lesions at necropsy. 

Serums from 7 calves were tested for the 
presence of agglutinins against the vari- 
ous Esch. coli strains employed in the ex- 
periments (table 2). All serums contained 
K or O agglutinins, or both, against one or 
more of the Esch. coli strains tested. All 
serums contained and maintained rela- 
tively high K agglutination titers against 
Esch. coli strains C—16 and C-—29 while the 
titers against other strains were relatively 
low in most instances and had a tendency 
to decline. 

Only three serums (calves 1, 4, 5, table 
2) collected before exposure contained K 
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or O agglutinins, or both, against the Esch. 
coli strain used for exposure. Of these, 
ealf 1 contained both K and O agglutinins 
(titers 1:20 and 1:160, respectively) ; calf 
4, K agglutinin alone (titer 1:1280); and 
ealf 5, O agglutinin alone (titer 1:20). 

Visible signs of illness were not observed 
in any of the 3-week-old weaned mice after 
exposure (table 1), and there were no 
gross pathological alterations observed 
when the mice were destroyed and necrop- 
sied after ten to fourteen days. 

Two Esch. coli strains, C-18 and C-28, 
killed 100 per cent of the baby mice ex- 
posed (table 1). These mice became ill 
twelve to eighteen hours after ingestion of 
Esch. coli, with signs of general cyanosis 
and apathy. Death ensued rapidly, usually 
within two days after exposure. Several of 
the dead mice were partly consumed by 
mothers when found. 

Dead mice appeared cyanotic and dehy- 
drated. Necropsy revealed distended small 
intestines with an increased fluid content 
and degenerated kidneys and livers. Pure 
cultures of Esch. coli were obtained from 
spleens of several dead mice. 

The other viable strains of Esch. coli 
employed and the heat-killed suspensions 


used did not seem to have any effect on 
suckling mice. Four of 37 baby mice ex- 
posed to the C-16 strain and 3 of 40 
treated with saline were found partly con- 
sumed during the first and third day of 
life without having revealed any signs of 
illness. 

Suckling mice of various ages were 
given C-18, C-16, C—28, and saline, respec- 
tively. The results are presented in table 3. 

Escherichia coli strains C-18 and C-28 
caused death of all mice exposed up to the 
age of eight days. The clinical manifesta- 
tions observed were the same as described 
in earlier experiments. Several of the 9- 
day-old mice given C-18, and 9-, 10-, and 
1l-day-old mice given C-28, developed 
diarrhea subsequent to exposure. Some of 
these mice died while others recovered ; 
however, many of the surviving mice were 
not so thrifty as the control mice. Most of 
these deaths occurred during the first three 
days after exposure; however, a few died 
on the fourth and fifth days. 

Pathological alterations observed in dead 
mice were the same as described in earlier 
experiments. All mice were insusceptible 
to C-18 at the age of 10 days and to C-28 
at the age of 12 days. Mice more than 3 


TABLE 2—E€Escherichia Coli Agglutinin Titers of Calf Serums 


Calf No. 1 2 3 4 5 6 7 
Esch. coli 
exposure per os C-18 C-—28 C-28 C-29 0-26 Saline Saline 
Serum sample 1 2 1 2 1 2 1 2 1 2 1 2 1 2 
Esch. coli 
strain Antigen 
O-LB 160* — 80 20 20 — 
C-16 O-A 80 80 — - ~ - 40 
K 1280 1280 1280 1280 1280 640 1280 640 1280 1280 1280 1280 320 320 
K 20 - 160 320 
K 160 40 160 ~ 640 40 — 40 = 80 20 40 - 
O-LB 320 80 320 80 80 40 — 80 20 160 20 — 
C-25 O-A 160 80 40 40 — — — 
K 160 40 89 40 320 80 20 20 20 40 20 
C-28 O-A 820 — - 
K 40 - 80 — 
K 1280 1280 1280 1280 1280 1280 1280 1280 1280 1280 1280 1280 640 1280 
O-LB 160 = — 20 40 
* Titers are expressed as the reciprocals of the serum dilution; — no agglutination at 1:20; serum sample 1, 


collected before exposure; serum sample 2, 


collected approximately fourteen days after first exposure. 
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days old, which were given C-16 or saline, 
did not reveal any signs of illness and 
none died. 


Discussion 


Calves less than 14 days of age seemed 
to be resistant to heavy, repeated oral ex- 
posure to the Esch. coli strains used. 

The two calves which received Esch. coli 
C-—28 orally did not reveal any tempera- 
ture reaction or any clinical signs of ill- 
ness. The loose stools evacuated by these 
ealves during short intervals subsequent to 
first exposure are not comparable to the 
common clinical manifestations of calf 
diarrhea. 

The importance of the presence of Esch. 
coli agglutinins in calf serums at the time 
of exposure remains an open question. Ac- 
cording to Briggs, Lovell et al.," aggluti- 
nins against the O antigen affords little or 
no protection while there is inconclusive or 
incomplete evidence that part of the pro- 
tective mechanism is associated with the 
possession of agglutinins against the K an- 
tigens of infecting strains of Esch. coli. 
These authors pointed out, however, that it 
would be unwise to assume, on the basis of 
the evidence presented, that agglutinins 
against the K antigens of the Esch. coli 
concerned represent the only factor of im- 
portance in the protection of calves. 

McEwen“ has pointed out that agglu- 
tinins in serums of young calves fall and 
may disappear during the first three weeks 
of life and during this time the calf en- 
joys increased resistance. McEwen also 
failed to demonstrate gradations in bacte- 
ricidal action of blood against Esch. coli 
before and after colostrum feeding. 

According to McEwen, these findings 
would lend no support to the view that re- 
sistance is associated with the possession of 
immune bodies against Esch. coli. In our 
limited experiments, 2 of 5 calves possessed 
agglutinin against K antigens of the Esch. 


coli strain used for exposure. Further- 
more, our data reveals little evidence of 
development of or an increase of Esch. colt 
agglutinins subsequent to exposure. On the 
contrary, existing Esch. coli agglutinins 
declined in most instances during a four- 
teen-day period subsequent to exposure. 
Thus, our limited data tends to support 
the findings and the views of McEwen. 

It is at times difficult to evaluate clinical 
signs in baby mice and weaned mice, espe- 
cially in those mildly affected. A compari- 
son with control animals of the same age 
and size seems to provide a fair basis for 
judging clinical effect. The affected mice 
became markedly ill or revealed diarrhea 
very shortly after oral administration of 
certain strains of Esch. coli. These obser- 
vations are in accordance with those re- 
ported by other investigators after paren- 
teral administration of Esch. coli to adult 
mice. It has been proposed that the 
clinical illness and death may be due to a 
toxic action of the organisms employed.?*:** 
In our experiments, heat-inactivated sus- 
pensions of pathogenic Esch. coli did not 
affect suckling mice. Furthermore, pure 
eultures of Esch. coli were obtained from 
spleens of several suckling mice which died 
shortly after oral exposure. It has not been 
determined if the presence of Esch. coli in 
the spleen is a result of terminal invasion. 

The time interval between complete sus- 
ceptibility and complete resistance varied 
somewhat for the two strains of Esch. colt 
affecting suckling mice, suggesting some 
difference in virulence. This time interval, 
however, is short in both instances and 
falls within the same age range, indicating 
that development of certain host defense 
mechanisms might be the important factor 
or factors. The nature of such factors re- 
mains an open question. 

The relatively few deaths observed 
among 1- to 3-day-old mice in the stock, as 


TABLE 3—Age Susceptibility of Suckling Mice to Certain Strains of Escherichia Coli 


Esch. coli 1 to 3 days 4 to 8 days 

No. No. No. No. 
Isolate O group ill dead ill dead 
C-18 0-101 30/30* 30/30 28/28 28/28 
C-—28 0-8 29/29 29/29 23/23 23/23 
C-16 O-25 0/37 4/37** 0/34 0/34 
0/40 3/40** 0/21 


Saline 0/21 


Age of suckling mice when exposed per o« 


9 days 10 days 11 days 12 to 15 days 

No. No. No. No. No. No. No. No. 
ill dead ill dead ill dead ill dead 
8/22 2/22 2/19 0/19 0/20 0/20 0/19 0/19 
18/21 8/21 18/20 11/20 10/18 4/18 0/27 0/27 
0/11 0/11 0/12 0/12 

0/18 0/18 0/16 0/16 


* Numerator—No. affected: denominator—No. exposed; ** considered nonspecific deaths. 
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well as in some in the experimental groups, 
might be regarded as due to any number 
of nonspecific factors. 


CONCLUSION 

The Escherichia coli strains used did not 
have any clinical effect on young calves or 
weaned mice when administered orally. 

Limited serological data did not furnish 
conclusive evidence for the view that the 
resistance of the calves was associated with 
immunological protection. 

Two strains (C-18 and C-28) caused 
death of all suckling mice up to the age of 
8 days when administered orally. Suckling 
mice became completely resistant to the 
same two strains by the tenth and twelfth 
day of age, respectively. 

Seven other strains of Esch. coli did not 
have any effect on suckling mice of any 
age group when administered orally. 

Of two Esch. coli isolates (C-28 and 
C-29) belonging to the same O group, only 
one (C—28) killed suckling mice. 
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Evaluation of Chemicals Used in Control and Treatment of 
Disease in Fish and Frogs Caused by 
Pseudomonas Hydrophila 


HAROLD M. KAPLAN, Ph.D., and LLEWELLYN LIGHT, A. B. 


Carbondale, Illinois 


Many antibacterial agents have been tried 
for the prophylaxis and treatment of dis- 
eases induced by Pseudomonas hydrophila 
in fish and frogs. Control of this bacillus 
is to be desired since it causes a highly in- 
fectious and fatal septicemia called ‘‘red 
leg’’ disease in frogs, ‘‘red sore’’ disease 
in pike, ‘‘red mouth’’ disease in rainbow 
trout and, probably, heavy mortality in 
many species of fish. Except for sulfona- 
mides and antibiotics, such as chloromy- 
cetin® used in frogs' and terramycin® in 
fish,’ the actual effectiveness of many com- 
monly used compounds is still uncertain. 
The comparative effectiveness of such com- 
pounds against Ps. hydrophila and their 
toxicity to frogs is reported. 


MATERIALS AND METHODS 


Cultures of Ps. hydrophila, from the American- 
Type Culture Collection, were inoculated daily on 
sterile slants of Difeo brain-heart agar, and the 
slants were incubated at 37C. for twenty-four 
hours. Transfers were made by sterile loop from 
a slant to a sterile broth that contained 37 Gm. of 
Difeo brain-heart infusion in 1,000 ml. of water, 
and this was incubated at 37C. for twenty-four 
hours. 

A filter-paper-dise method * was used. One loop- 
ful of the broth culture after incubation for 
twenty-four. hours was uniformly dispersed in a 
test tube containing melted agar, cooled to about 
45 C., and the contents poured into a sterile Petri 
dish. Sterile filter-paper dises, 1 em. in diameter, 
were wetted with the test chemical and implanted 
upon the agar. After incubation at 37C. for 
forty-eight hours, the diameter of the zone of in- 
hibition around each dise was measured. 

Because sensitivities are determined by the 
presence and not entirely by the diameter of the 
zone of inhibition,‘ the following interpretation 
was used. Organisms showing a zone of inhibition 
with a very small concentration of the chemical 
were considered very sensitive to that agent; those 
showing inhibition beginning with intermediate, 
but not low, coneentrations were moderately sensi- 
tive; a zone only around high concentrations 


From the Department of Physiology, Southern Illinois 
University, Carbondale. 


indicated slight indicated 
resistance. 

The chemicals tested inetuded sodium chloride, 
mercuric chloride, potassium permanganate, alkyl 
(C-9 to C-15) tolylmethyl trimethyl ammonium 
ehloride,* copper sulfate, phenol, tricresol (lysol), 
formalin, and lime. 

Several dilutions of each chemical were tested 
on the same agar plate and 20 replicates were 
done to find the average degree of sensitivity for 
each concentration. 

To ascertain the relative effectiveness of differ- 
ent chemicals, rather than the effective concentra- 
tions of each one, a ‘‘survival time’’ procedure 
was used. One milliliter of broth culture of Ps. 
hydrophila was uniformly dispersed in 5 ml. of 
sterile 0.85 per cent saline, and a 1-ml. sample 
was transferred to another 5 ml. of saline. The 
suspension was allowed to stand for fifteen min- 
utes, then 1 ml. was transferred to 5 ml. of sterile 
broth, which was incubated at 37C. for forty- 
eight hours. This was a control to check bacterial 
viability in saline. 

To the 5-ml. parent saline suspension, 5 ml. of 
sufficient test chemical was added to make a final 
concentration of 2 per cent, and the procedure 
was repeated to obtain a dilution series. Every 
tube was allowed to stand for five minutes, and a 
l-ml. sample from each was transferred to 5 ml. 
of nutrient broth, which was incubated at 37 C. 
for forty-eight hours. Two additional 1-ml. sam- 
ples from each tube were transferred at ten and 
fifteen minutes, respectively. 

The unknowns and controls were read at twenty- 
four hours for cloudiness (doubtful or no inhibi- 
tion) or elarity (inhibition). 
in triplicate. 

The feasibility of storing frogs in concentra- 
tions toxie only to the bacteria was investigated. 
Frogs were placed, at temperature, in a 
series of dilutions of each test chemical, and the 
highest concentration of each allowing survival for 
at least one week without toxie signs was found. 
All tests were run both for continuous immersion, 
with the solutions renewed daily, and for one-hour 
immersion with to water. 
Aqueous solutions of phenol and tricresol were 
substituted for 10 per cent alcohol as a solvent in 
the frog viability tests. 


sensitivity; no zone 


All tests were run 


room 


subsequent removal 


* Novosan, Nova Products Inc., Kansas City, Mo. 


[ 342 ] 


| 


Am. J. VeT. Res. 
APRIL 1955 


TREATMENT OF DisEAsES CAUSED By PSEUDOMONAS HyYDROPHILA 343 


RESULTS 


In filter-paper-dise tests (table 1), the 
bacteria were highly sensitive to formalin 
and mercuric chloride, moderately sensi- 
tive to novosan, copper sulfate, tricresol, 
and phenol, and slightly sensitive to chlo- 
ride of lime. In all cases, the zones of in- 
hibition decreased in size with dilution. 
The microorganisms appeared to be resist- 
ant to sodium chloride and potassium 
permanganate. 

The survival time test was a much more 
sensitive indicator of inhibition, as seen by 
analysis of its threshold levels of effective- 
ness (table 1). The relative inhibitory 
power of the test compounds ranged in the 
descending order, potassium permanga- 
nate, mereuric chloride, formalin and tri- 
cresol, copper sulfate, novosan and phenol, 
chloride of lime, and sodium chloride. 

Because of toxicity, frogs did not sur- 
vive lengthy immersion in antibacterial 
concentrations of novosan, chloride of 
lime, and phenol, but they did survive in 
copper sulfate, formalin, potassium per- 
manganate, mercuric chloride, and tri- 
eresol. 


Specific numerical values for inhibition 
listed in table 1 for the dise and survival 
time methods are dependent on the bac- 
terial concentration used. In the dise 
method, the numerical values serve only to 
emphasize relative differences in effect 
with concentration. 

DIscUSSION 

The filter-paper-dise method is qualita- 
tive, but it is sufficiently accurate to deter- 
mine bacterial sensitivity and to assist in 
the selection of antibacterial concentra- 
tions of a compound. Many factors affect 
the diameter of the zone of inhibition,‘ 
but some are neuiralized by averaging 
many trials. To compare unlike chemicals, 
the survival time method is more valid and 
reliable, since differential diffusion of un- 
like compounds in the dise procedure in- 
fluences the measurements. 

A chemical agent which would be read- 
ily microbicidal without injuring frogs 
was sought among the quaternary ammo- 
nium compounds, which have been used ex- 
tensively as bactericides.’ Frogs continu- 


ously immersed in novosan are viable only 


TABLE 1—Effectiveness of Test Chemicals Against Pseudomonas Hydrophila and 
Viability of Healthy Frogs Immersed in Solutions of These Chemicals 


Dise method 
(ave. of 20 tests) 


Inhibition 
zone 
(mm.) 


Concen- 
tration 


(%) 


Test chemical 


lowest concentration 
inhibiting bacteria 


Survival time 


Highest ave. concentration 
method : 


allowing survival of frogs (%) 
1-hr. 
immersion 


Continuous 


in 5 min. (%) immersion 


10.0 3.2 
Novosan 2.5 0.) 
0.0009 0.0 


0.0009 0.002 


Sodium J 0.0 
chloride . 0.0 


1.1 3.0 


Potassium 0.0 
permanganate 0.0 
0.0 


0.001 


Chloride 3.1 
of lime J 0.8 


Copper 6.2 
sulfate J 2.6 
0.0 


Mercuric 
chloride 5.4 


0.002 0.003 


Formalin 


Phenol 


Tricresol 


2.0 0.0 
0.003 0.0 
6.0 19.3 

Pe 2.0 10.6 0.01 0.02 0.06 
0.02 0.0 
6.0 2.9 

P| 4.0 1.5 0.5 0.01 0.03 
2.0 0.0 
6.0 6.8 

2.0 2.8 0.01 0.15 0.4 
1.0 0.04 
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in concentrations that do not inhibit Ps. 
hydrophila. Above 0.0009 per cent, the 
animals suecumb in extensor rigidity, with 
signs of edema and superficial vascular 
damage. Novosan is satisfactory, above 0.5 
per cent, only for sterilization of empty 
tanks. 

Frogs can live in dilute solutions of so- 
dium chloride, but these are ineffective 
probably because the bacteria resist the 
lethal effects of osmotic pressure, and the 
chloride ion is not toxic.* The contention 
of Rose,’ that well-fed frogs kept in 0.15 
per cent saline are fairly resistant to red 
leg disease, is not supported. 

The effects of potassium permanganate 
are not satisfactorily recorded in the filter- 
paper tests due to its ready oxidation. So- 
lutions of permanganate are highly effec- 
tive but for a brief period. They may be 
used in concentrations not under 0.001 per 
cent to sterilize empty tanks, nor over 0.1 
per cent with frogs immersed for about 
one half hour. 

Chloride of lime loses free chlorine so 
rapidly that the filter-paper method does 
not satisfactorily reflect its maximum ef- 
fect. Frogs survive only in concentrations 
that do not inhibit the bacteria. The com- 
pound is satisfactory, above 2.0 per cent, 
for sterilization of empty tanks. 

Phenol is lethal to frogs, even in concen- 
trations well below that which inhibits the 
growth of bacteria. It is satisfactory, above 
0.5 per cent, for sterilization of empty 
tanks. The inhibitory activity of phenol 
may have been somewhat reduced by solu- 
tion in aleohol.® Also, any evaporation of 
the solvent could have hindered phenol 
diffusion from the dises. 

Copper sulfate, formalin, tricresol, and 
mereuric chloride may be used in concen- 
trations not under 0.1, 0.01, 0.01, or 0.002 
per cent, respectively, to sterilize empty 
tanks, nor over 1.2, 0.06, 0.04, or 0.008 per 
cent, respectively, with frogs immersed for 
about one hour. 


Frogs probably act as carriers of species 
of Pseudomonas which cause diseases in 
fish and other vertebrates, the portal of 
entry being the abraded skin. In confined 
holding areas, the disease might be most 
strategically attacked by prophylaxis di- 
rected toward frogs. The promise of thera- 
peusis in frogs, as in fish, would seem to 
lie in the antibiotics. 


SUMMARY 


Certain commonly used antibacterial 
agents inhibited Pseudomonas hydrophila 
in pure culture. Higher concentrations 
produced more rapid and certain results. 
Where the test compound was unstable or 
when unlike compounds were compara- 
tively evaluated, a survival time method 
was a more valid and reliable criterion of 
inhibition than was filter-paper-disc 
method. Because of toxicity to frogs, novo- 
san, phenol, and chloride of lime were 
found to be useful only for sterilization of 
tanks. The animals could remain im- 
mersed for more effective treatment with 
antibacterial concentrations of copper sul- 
fate, formalin, potassium permanganate, 
mercuric chloride, and tricresol. 
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